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GENERAL ABSTRACT 
The overall objective of the whole study was to assess whether conservation 
agriculture (CA) systems can work in the Eastern Cape Province (EC). The CA 
systems were engaged through cover cropping to address land degradation 
problems by emphasizing high biomass production in order to realize short term 
benefits such as moisture conservation, weed suppression and soil fertility 
benefits under rainfed conditions in the central region of the Eastern Cape 
province. Since rainfall is the most limiting factor to crop production in the EC, a 
within season rainfall distribution analysis was conducted to expose the quality of 
the season (onset, end and duration) and hence the feasibility of CA systems to 
guide agronomic decisions by farmers in EC.  To assess season parameters, 
thirty four years of daily rainfall was collected from the University of Fort Hare 
Research station and used to conduct the rainy pentad (5 day rainfall totals) 
analysis and the daily rainfall analysis using INSTAT software programme. Based 
on the pentad analysis, results showed that Alice does not have a rainy season in 
1 out of 2 years (50% probability) but has one in 1 out of 4 years (25% probability 
level). This criterion proved to be harsher and conservative when compared to 
the daily rainfall approach which is more precise in measuring trends on season 
parameters. The daily rainfall analysis indicated a 65% feasibility for the dry land 
cropping systems in the EC. The pentad analysis however was effective in 
illustrating seasonality and it showed that the wet season begins on the 1st of 
November, ending on the 22nd of March lasting for 140 days. Though the season 
duration appeared too long, the existence of dry spells during critical growth 
stages adversely affects the quality of the season. The daily rainfall analysis also 
managed to derive a signal which can guide planting decisions. For planting to be 
successful, this analysis determined that  20 mm of rain should be received in 
two consecutive days after the 1st of November.  
 A screening trial for cover crop biomass production and weed suppression 
was conducted on-station Fort Hare Research Farm (32°46' S and 26° 50' E), 
and Msobombvu village (MSBV) (32°44' S, and 26° 55' E) over two seasons 
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(2007/08 and 2008/09). Six summer cover crops i.e. cowpea (Vigna unguiculata), 
dolichos lablab (Dolichos argenteus), sunnhemp (Crotalaria juncea), buckwheat 
(Fagopyrum sagittatum), forage sorghum (Sorghum bicolor) and sunflower 
(Helianthus annus) were evaluated for biomass yield, and weed suppression. 
Decomposition rates, moisture conservation and residual effects of these cover 
crops on the succeeding main crop were also evaluated under dryland 
conditions. The screening trial was laid in randomized complete block design 
replicated three times. Forage sorghum (Sorghum bicolor) and sunflower 
(Helianthus annus) were identified as high biomass producers and their dry 
matter yields ranged from 8 -12 t ha-1. These cover crops can be useful in 
generating high biomass in rainfed cropping systems in the EC. Other cover 
crops produced 3 - 4 t ha-1 of biomass which fell short of the 6 t ha-1 expected 
benchmark. However, these biomass yields were important in weed management 
since all cover crop species showed a similar degree of weed suppression which 
surpassed the weed fallow treatment. As dead mulches, the cover crops failed to 
show residual moisture conservation and weed control benefits for the 
succeeding maize crop mainly because of poor residue persistence, and low 
harvestable fallow rainfall.  
 Buckwheat (Fagopyrum esculentum),  was selected for further investigations 
in a follow up trial on station in 2008/09 season because of its weed smothering 
qualities, suitability to short cycle rotations, and possible allelopathic properties. 
The trial aimed at finding weed and cost effective management options of 
buckwheat that are none detrimental to the succeeding maize crop. Results 
showed that cropping systems where buckwheat is followed by a main crop may 
not work as they are unprofitable with respect to R100 rand invested. Though 
perceived to have allelopathic properties, buckwheat failed to demonstrate the 
possibilities of allelopathic action against weeds.  
 Intercropping trial was conducted on-station in 2007/8-2008/09 seasons to try 
and find better ways of fitting legume cover crops into maize based cropping 
systems without compromising production of staple cereals on limited 
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landholdings. The trials evaluated three factors in factorial combination, cover 
crop planting date, intercropping strategy, and cover crop species. The trial was 
laid as 2 x 2 x 3 factorial arranged in a split-split plot design. The main plot factor 
was cover crop planting date, cover crops simultaneously planted with maize and 
cover crop planted two weeks after planting maize (DKC 61-25).  
The sub-plot factor was intercropping strategy, strip intercropping and between-
row intercropping. The sub-sub-plot factor was cover crop species, Dolichos 
lablab (Dolichos argenteus (Highworth), and Cowpea Vigna ungiculata 
(Agrinawa) plus control plots of sole maize. Results showed that same time 
planting of leguminous cover crops with maize using the in-between row 
intercropping patterns can derive appreciable system biomass (maize/cover crop) 
yields, utilize land efficiently whilst getting favourable maize grain yield. Based on 
the rainfall analysis, results showed that the probability of success when relay 
seeding cover crops after two weeks into standing maize is low (15% chances of 
success). This suggests that relay intercropping strategies would not work due to 
the unavailability of a good quality season. 
 
Key words: Buckwheat, Conservation agriculture, screening, intercropping, 
profitability, rainfall analysis 
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 1.0: GENERAL INTRODUCTION 
 
1.1 Statement of the problem   
 
Land degradation has contributed to low soil productivity and continues to create 
high crop production risk in South Africa (Hoffman et al., 1999; Mkile, 2001). 
Under rainfed conditions in the Eastern Cape Province (EC), average maize 
yields dropped from 636 kg ha-1 to 189 kg ha-1 over 80 years between 1918 -
1998 due to depletion in soil fertility and soil erosion (Mkile, 2001). Thus maize 
yields are far below potential levels of 1-2 t ha-1 expected under dry land 
conditions in the EC (Van Averbeke & Marais, 1991).  
Major interventions are required to improve the productivity of dry land cropping 
systems in the province. The Department of Agriculture in the EC initiated efforts 
to promote conservation agriculture (CA) as a suitable approach to address land 
degradation. In Latin America, the Brazilian Cerrados were rehabilitated from 
severe land degradation through use of CA (KASSA, 2006). Conservation 
agriculture (CA) constitutes a parcel of coordinating technologies which aim to 
produce crops in a sustainable manner with little or no compromise on the 
current and future productivity of the soil or resource base.  
The success of CA is hinged on three basic principles; (i) minimal soil 
disturbance (ii) permanent soil cover normally using crop residues and cover 
crops and (iii) diversified crop rotations (FAO, 2001). These principles have been 
used as entrance levels into existing farming systems. Entry levels are 
opportunities or motivating factors for engaging CA.  
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There is much need for researcher awareness of the entire farming system to 
assist in identifying proper entry levels (Perret & Stevens, 2003).  
In the case of rainfed cropping systems in the central EC region, several 
challenges constrain production. These include, moisture deficiencies due to low 
(500-600 mm on average), erratic and poorly distributed rainfall. Lack of soil 
cover promotes soil erosion resulting in poor soil fertility levels and proliferation of 
weeds (Jourbert, 2000; Mandiringana et al., 2001; Oosthuizen, 2002; Gichangi, 
2007). Strategies to manage these challenges could go a long way in improving 
rainfed crop production in the central region of the EC.  
Cover cropping could be an entry point to engage CA in the EC if it proves to 
work.  High biomass yielding cover crops that produce between 6 and 8 t ha -1 
would be ideal as these levels can effectively suppress weeds, conserve 
moisture and enhance soil fertility (Louw & Bennie, 1992). However, it is the 
presence of cover on the land which is critical to the success of CA.  
Low yield levels cited by Mkile, (2001), and competing use for crop residues with 
livestock pose challenges for a workable CA system on many small farms. Efforts 
to introduce cover crops in the EC to improve cover on the land have so far met 
with limited success due to low biomass yields achieved (Derpsch, 2003). There 
are a number of key questions that require answers to address a central question 
of how to improve cover crop biomass yield under rainfed conditions in maize 
based cropping systems in the EC. 
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1.2 Justification of the study 
The low and erratic rainfall that occurs in the province has been noted. A number 
of potential questions arise from this observation. Can high biomass be achieved 
in this environment? What strategies can be used to incorporate cover crops in 
the low yielding maize based cropping systems? These questions require 
answers and are the subject of research that is proposed in this thesis.  
Screening is a basic approach taken in many studies to assess fit of crops or 
variation into environments where resources are limiting or production challenges 
are encountered. Studies in the Western Cape Province by Fourie et al., (2001) 
demonstrated the importance of screening to identify cover crops adapted to the 
environment and capable of yielding high biomass. A similar approach could help 
improve cover crop biomass yields in the EC.  
With regards to screening a number of important questions can be asked. What 
cover crop species perform best in the EC? Are the growth rates consistent with 
demands to deliver services in terms of weed control in the existing crop? Does 
the residue persist and provide cover in a subsequent crop facilitating weed 
control, protection of soil and improvement in soil moisture? What is the impact 
on soil fertility in a subsequent crop? 
 There is therefore need to evaluate summer cover crops and to identify 
appropriate cover crop species for dry land cropping systems in the EC. Cover 
crop species that are tolerant to drought and low fertility such as forage sorghum 
(Sorghum bicolor), sunflower (Heliathus annus), sunhemp, (Clotolaria juncea), 
4 
 
cowpea (Vigna unguiculata), dolichos (Dolicos lablab), and buckwheat 
(Fagopyrum esculentum) are likely to adapt to local conditions and provide the 
desired services. These species have demonstrated the ability to produce 
acceptable biomass levels in marginal environments and would be worthwhile 
candidates to evaluate in the context of the EC.  
Sunflower demonstrated the ability yield high biomass of up to 7 t ha-1 with an 
annual average rainfall of about 600 mm around Bloemfontein (Botha et al., 
2005). Forage sorghum has been reported to yield up to 8 t ha-1 under similar 
conditions to the EC (Arim et al., 2006). These species are high biomass 
achievers and have persistent residues owing to high C:N ratios (Nyakatawa, 
1997; Nhamo et al., 2007). They could probably be more useful for weed 
suppression and moisture conservation. 
On the other hand, sunnhemp, cowpea, dolichos and buckwheat generally yield 
between 3-5 t ha-1 in semi arid environments (Jeranyama et al., 2000; Arim et al., 
2006; Smith, 2007). Though these species were lower yielding crops they could 
still be worthwhile for weed control whilst alive and also contribute to soil fertility 
enhancement (Jeranyama et al., 2000). In dry regions like the EC, attributes of 
moisture preservation are expected from cover crop residues that persist on the 
soil surface (Cantero-Matinez et al., 2006). Ideally, the persistence of a thick mat 
of residues on the surface is important to maximize rainfall infiltration and 
subsequent preservation against evaporative demands as well as smothering of 
weeds (Ngouajio et al., 2003).  Rapid decomposition, of residues result in less 
water conservation and more weeds in the next crop. Persistence of cover crop 
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residues is therefore an important evaluation criterion for both weed control and 
moisture conservation under the EC conditions. Research has shown that small 
seeded weeds (lamb squarters, pigweed) which require light for germination can 
be highly depressed compared to large seeded types which require favourable 
moisture and temperature conditions (Ngouajio et al., 2003). Investigations to 
determine the extent to which weed diversity is affected by residues of cover 
crops is therefore essential to address the effects of cover crop residues on 
weeds.  
Weed suppression has been shown to decline during the course of the season 
because of residue decomposition (Arim et al., 2006). Some cover crops produce 
allelopathic exudates from their roots during growth or from their tissue during 
decomposition which may control sensitive weeds. Sorghum, sunflower, and 
buckwheat have been reported to possess allelopathic properties (Nyakatawa, 
1997; Kumar et al., 2008). Moreover a major concern is that such properties may 
be phytotoxic to the main crop or autotoxic to itself compromising desired yields. 
These are areas that would require monitoring in crops that are planted into the 
residues of these cover crops.  
Management strategies for minimizing phytotoxicity on the main crop are 
required. Such strategies could include manipulation of planting positions of the 
main crop in relation to residue position of the allelopathic cover crop. Multiple 
cropping methods that are best for introducing the cover crops also needed to be 
evaluated.  Multicropping strategies are used by farmers in the EC because they 
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have limited land parcels which are reasonably productive (Van Averbeke & 
Marais, 1991).  
Cover crops would best be introduced using intercropping methods that minimize 
competition and avoid sacrificing a season of maize production (Jeranyama et 
al., 2000). However, since success of CA systems is mainly challenged by poorly 
distributed rainfall it was important to start by assessing the variability of rainfall 
parameters, such as onset of the heavy rains, duration and end using historical 
data, in order to predict the feasibility of CA systems in EC.  
Relying on such analysis has also been shown to minimize crop establishment 
problems related to false onset of the rains (Stern et al., 1982; Venderlip, 1996). 
However, good rainfall prediction needs to be complemented by good agronomic 
practices such as soil fertility enhancement and weed management. 
Therefore accurate prediction of the onset of rainfall in the absence of proper soil 
fertility and weed management will not translate to improved crop yields.  
Farmers in the EC tend to produce on soils with low levels of organic matter and 
nutrients such as phosphorous (P), potassium (K) and calcium (Ca) 
(Mandiringana et al., 2001; Gichangi, 2007). Issues of weed management are 
pertinent to these systems as farmers seem to be overwhelmed by weed 
pressure. Hand-hoe weeding is the only weed management strategy common 
under dry land systems and is usually rendered ineffective due to the scarcity of 
labour (Jourbert, 2000), and at times, farmers abandon their fields when they fail 
to cope with weeds (Jourbert, 2000; Fanadzo, 2007).  
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1.3 Main objective 
The overall objective of the study was to assess whether CA systems can work in 
the EC when engaged through cover cropping. The study places cover crop 
biomass yield as a critical issue  
1.4 Specific objectives 
1. To determine the feasibility of CA systems based on rainfall analysis. 
2. To evaluate summer grown cover crop species for biomass production and 
weed suppression in an existing cover crop. 
3. To evaluate the persistence of different cover crop mulches and the effect of 
these mulches on fallow moisture and weeds in the succeeding maize crop. 
4. To asses intercropping as a strategy of introducing cover crops into maize 
based cropping systems.  
 
1.5 Hypotheses 
1. The feasibility that CA systems will work under rainfed conditions of the 
Eastern Cape Province is poor. 
2. Summer grown cover crops do not differ on biomass production, how they 
affect weeds during their life cycle.   
3. The persistence of different cover crop mulches does not differ these mulches 
have similar effect on fallow moisture and weeds in the succeeding maize crop 
moisture conservation  
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4. Intercropping is not an ideal strategy to successfully integrate cover crops with 
maize whilst achieving high biomass from both crops and optimum grain yield 
from the maize crop.  
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 2.0: GENERAL LITRATURE REVIEW 
2.1 Introduction 
Rainfall will be a main determinant of the success of cover crops in rainfed maize 
based cropping systems in the EC. For this reason, the review focuses on 
decision making tools that farmers can use to decide on critical management 
decisions such as when to plant. The major part of the review deals with issues 
of screening cover crops as it is the central issue in achieving high biomass 
yields. The importance of achieving high biomass yields to the success of CA in  
the context of the EC is also highlighted. 
 
2.2 Planting decision tools under rainfed conditions 
Rainfed cropping systems in the semi-arid tropics face challenges of moisture 
deficits, and uncertainty as the major limiting factor for crop production (Austin 
1989; Alemaw et al., 2006). A common characteristic of semi-arid regions is that 
they normally receive low rainfall amounts ranging 300 – 600 mm.  The central 
part of the Eastern Cape Province has semi-arid climatic conditions with an 
average rainfall of 500 mm at Alice the focal point of this study.  
Rainfed crop production is feasible in summer, in which 80% of rainfall is 
received whilst the rest falls in winter (Van Averbeke & Marais, 1991). Rainfall 
occurrence is very erratic, and poorly distributed (Austin, 1989). In such 
environments, rainfall occurrence is primarily important to farmer decision making 
such as what to plant, how and when to plant (Van Averberke & Marais, 1991; 
Edoga, 2007).  
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Early seedbed preparations followed by planting based on arrival of the first rains 
is one of the strategies that farmers have employed to try and synchronize 
moisture availability with crop establishment and growth (Van Averberke & 
Marais, 1991).  However this practice harbours high chances of false starts 
resulting in poor crop establishment, suppose the first rains are immediately 
followed by lengthy dry spells (Edoga, 2007). For this reason, probability 
analyses on long term rainfall data, have been used to determine the start of the 
rainy season (Vanderlip et al., 1996). 
Different criteria have been used to determine appropriate signals for different 
localities in semi arid environments and some are not functional in other areas. In 
order to avoid false starts dry spell conditions are estimated for the next 30 days. 
Suitability of a criterion is then determined by the frequency of occurrence of the 
dry spells following planting.  
 
Stern et al., (1982) used a threshold of 20 mm of rain received in two consecutive 
days after the first of October, and put a condition that in the next 30 days there 
should be no more than 10 dry days. Sivakumar, (1988) used 20 mm of rain 
received in two consecutive days after the first of October, and no more than 7 
dry days in the next 30 days following planting. Vanderlip et al., (1996), used 30 
mm received in two consecutive days and considered evaporation data as way of 
avoiding false starts.  
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It is important for small-scale farmers to have rain gauges in their fields which will 
inform them whether the required rainfall at a specific period has fallen for them 
to begin planting.  Understanding other rainfall parameters such as season 
duration has been shown to be equally important in guiding cropping decisions. 
These parameters can be portrayed using a simpler and user friendly approach 
known as the rainy pentad (five day total rainfall) approach. However, there is 
very little use pentads with computers as most researchers use daily rainfall to 
get a more realistic trends.  
The pentad approach gives a general picture of the available season within a 
locality. The use of such a tool is not only restricted to guiding crop production 
but is also of vital importance to people involved in extension services, 
hydrological projects, construction, environmentalists and land use planning (Ivy 
1978; Gramzow & Henry, 1972; Edoga 2007).  
2.2.1 Determining the season spread using rainy pentads 
The pentads are assigned defined conditions as identifiers of season onset and 
withdrawal.  In Zimbabwe rainy pentads were defined as the central 5 day period 
out of three consecutive pentads which together receive more than 40 mm and 
two of which receive at least 8 mm of rainfall (Ivy, 1978). In wet regions of Central 
America onset and end of rainy season was also indicated by the beginning and 
end of rainy pentads. According to the American system, rainy pentads were 
defined as five day periods having 25 mm or more of rainfall (Gramzow & Henry, 
1972).  
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This criterion is more hasher in terms of high rainfall amounts required over a 
short period of time than the Zimbabwean criterion and may be conservative in 
revealing seasonality in drier areas than wet regions (Gramzow & Henry, 1972).   
2.3 Crop production under rainfed conditions of the Eastern Cape   
Maize production dominates rainfed cropping systems of small scale farmers in 
the Eastern Cape Province (EC) in South Africa (Mkile, 2001; Gichangi, 2007; 
Hebninck & Monde, 2007). Early efforts to engage CA through cover cropping in 
the EC were not successful as a result of high weed pressure which could not be 
controlled by low biomass levels produced by the cover crops. In addition the 
underlying issues of scarce moisture, and soil degradation also add constrain on 
maize yield levels. 
 
Farmers produce poor yields usually lower than 1 t ha-1 which are quite lower 
than the agronomic potential of 3 t ha-1 or more (Mkile, 2001; Hebnick & Monde, 
2007; Mnkeni, 2007). The potential that lies in these production systems can be 
realized by promoting sustainable CA systems which generate high biomass 
(KASSA, 2006). If workable CA systems are established, agriculture can play a 
pivotal role in poverty alleviation, provision of food, employment, and household 
income generation in the EC (Machete, 2004; Mnkeni, 2007).  
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2.4 Land degradation and soil fertility 
Land degradation is an acknowledged global problem which undermines 
potential crop production and food security (Hoffman et.al., 1999). In the Eastern 
Cape (EC), there is presence of shallow soils with depleted soil organic matter, 
and nutrients such as nitrogen and phosphorous, which impact negatively on  
crop production (Hoffman, et.al., 1999; Mkile, 2001; Gichangi, 2007). Soil erosion 
is one of the major contributing factors to loss of top soil, and valuable nutrients 
due to lack of surface cover (Hoffman, et.al., 1999). Gale force winds and 
untapped runoff are the key locomotives of soil erosion the province as noted by 
Van Averbeke & Marais, (1991) 
Some of the problems are manmade since they emanate from poor management 
practices of the farmers. An example is nutrient mining resulting from removal of 
crop residues and none application of fertilizers (Maqubela, 2009). A similar 
scenario was noted by Muza et al., (1998) in Zimbabwe where nutrient mining 
was largely promoted by farmer pasture systems which relied on crop residues 
for fodder. Bare fields became prone to erosion whilst the limited rainfall was lost 
as run-off. Muza et al., (1998) also cited that the farmers did not replenish lost 
nutrients as they often applied less than the recommended fertilizers levels 
because of financial constraints.   
Another practice is burning dead bushy weeds and plant material to facilitate land 
preparations for the next crop. This removes soil cover and potential organic 
matter whilst it further predisposes the soil to weather elements.  
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On the other hand, monoculture and continuous tillage practices by smallholder 
farmers are known to disrupt the soil structure and reduce soil organic matter. As 
a result the availability of plant nutrients and moisture become reduced with low 
soil organic matter and soil cover (Nyakatawa et al., 1997). An alternative to 
breaking sole maize production whilst improving soil fertility is by introducing 
legume cover crop species such as cowpea and dolichos (Obiagwu, 1997). This 
could be in rotation with maize or as intercrops as is common on many small 
scale farms in the semi arid tropics. 
2.5 Weeds and weed management  
Failure to adequately control weeds is one of the major reasons for poor maize 
yields on smallholder farms in South Africa according to Joubert (2000). 
Teasdale (1995) reported that unchecked weed competition reduced maize grain 
yield by about 70%. Limited finance and the narrow range of technologies 
available to the farmers reduce their ability to manage weeds effectively 
according Muza et al., (1998) and Chikoye et al., (2002).  
In the EC, herbicide weed control is mostly used singly or integrated with other 
weeding treatments by commercial farmers whilst smallholder farmers rely to a 
large extent only on manual weeding. Most farmers find it laborious to cope with 
aggressive and persistent annual weeds (Mkile, 2001; Mashingaidze, 2004). 
Manual weeding alone is constrained by unavailable and un-affordable labour 
(Jourbert, 2000; Mkeni, 2007).  
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Farmers in Zimbabwe were reported to use a combination of hand hoe weeding 
and animal cultivation which conveniently lessens the burden of scarce labour. In 
a study by Mashingaidze (2004), it was demonstrated that intercropping maize 
with weed shading crops such as pumpkins, beans and using narrow crop rows 
managed to reduce weed biomass by 50-60%. Where intercrops were hoe 
weeded once, weeding requirements were reduced by 33-67%. This 
demonstrates that an integrated weed management approach using 
intercropping strategies has the potential to control weeds whilst reducing the 
burden of scarce labour.  
2.6 Conservation agriculture (CA)  
The Department of Agriculture in the Eastern Cape Province recognized crop 
production risk imposed by several challenges crippling local arable cropping 
systems. The Department, in consensus with other stakeholders resolved to 
adopt conservation agriculture (CA) with inspiration from positive experiences 
from Latin America. 
 The Brazilian Cerrados were once considered degraded but were rehabilitated 
by CA back to appreciable productive levels (KASSA, 2006). Improvement in soil 
productivity and other agronomic practices using CA systems are hinged on three 
basic principles, (i) minimal soil disturbance (minimum tillage and zero tillage) (ii) 
permanent soil cover normally using crop residues and cover crops and (iii) 
diversified crop rotations. 
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(I) Cover crops 
Cover crops are grown to provide soil cover and are killed before seeding. They 
have been used to augment biomass of crop residues, protect soils against 
erosion and promote build up of soil organic matter (Muza et al., 2007). They are 
an integral component of CA and the main focus of this study. 
(II)  Minimum tillage 
Reduced tillage or no-tillage is also a principle component of CA as it is designed 
to improve soil quality. This differs from conventional tillage by advocating 
minimum soil disturbance and promoting direct seeding which involves growing 
crops without mechanical seedbed preparations after harvesting the previous 
crop (Calgari, 1999). This has a direct cost reduction in land preparations and 
farmers who adopt CA in the context of EC conditions may be able to do timely 
planting without having to wait for community tractors which serve too many 
farmers (Fanadzo, 2007).  
In addition, reducing passage of machinery and continuous tillage at the same 
depth during high moisture content reduces compact subsurface layers (plough 
and disc pans). Plough pans affect root development, oxygen availability, soil 
water distribution and soil biota activity in the soil profile. Furthermore, transition 
to CA allows the required build up of soil organic resources over time. 
(III) Diversified crop rotations   
The negative effects or risks of monocropping are well documented and seem to 
outweigh the benefits when compared to crop rotations.  
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Associated problems in maize monocropping include accelerated erosion and 
deteriorated soil organic matter due to removal of crop residues by animals as 
feed and continuous tillage practices. Dinesh et al., (2006), showed that the soil 
loses its physical structure and reduces water infiltration under monoculture. 
Monoculture of maize has been shown to promote build up of pests and disease 
incidence which sacrifice main crop yields (Arim et al., 2006).  
Generally planned rotations involving cereals and legumes are necessary to 
promote nutrient recycling because of distinct rooting depths in cereal-legume 
systems (Tsubo et al., 2003).  
2.7 Adoption of conservation agriculture 
There is limited adoption of CA among smallholder farmers because of several 
factors despite the benefits acknowledged in literature. Small scale farmers fail to 
adopt new technologies either because they are unwilling or unable to do so 
(Bollinger et.al., 2006; Nowak, 1992; Snapp et al., 2005). On the other hand, 
unwillingness arises, from unattractive incentives (low profitability particularly in 
the first years, and lack of food benefit) whilst inability arises from ignorance or 
some form of constraint (Nowak, 1992; Snapp et al., 2005).   
The problem of increased weeds is one the contributory factors to lack of 
adoption of CA as noted by Bollinger et.al., (2006). Some of the technologies 
used in CA require a change of mind set. For instance, Brazilian farmers 
demonstrated the willingness to grow cover crops for purposes of generating 
biomass, suppressing weeds and improving fertility rather than cropping for food 
production (KASSA, 2006).  
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The ability to accept a change from conventional tillage practices such as 
ploughing, discing and harrowing as seed bed preparation, to minimum or zero-
tillage managed to engage CA quickly in Latin America compared to Southern 
Africa (KASSA, 2006; Bollinger et.al., 2006). Lack of knowledge about CA by 
extentionists and small-scale farmers, for instance in selecting appropriate cover 
crops and herbicide use constrain adoption (Bollinger et.al., 2006). In addition 
the, lack of locally available equipment or seeders such as jab planters, rollers, 
and cover crop seed  hinder adoption of CA on small farms (Bollinger et.al., 
2006) . 
2.8 Screening cover crops  
2.8.1 The role of cover in CA 
Permanent soil cover is one the principal component of CA using crop residues 
to protect the soil against erosion, promote build up of soil organic matter, 
moisture conservation, weed suppression and biodiversity (KASSA, 2006). It is 
therefore important to generate large amounts of biomass that are sufficient and 
persistent since low biomass yields have failed to provide the much needed soil 
cover which is lacking in the EC (Derpsch, 2003). Low biomass has been 
reported to cause soil erosion, poor moisture conservation, proliferation of 
weeds, low organic matter, poor biodiversity (Louw & Bennie 1992; Obiagwu 
1997; Cantero-Martinez et al. 2006). 
 
Like in most conservation studies the starting point in this study was to conduct 
screening or evaluation trials aimed at identifying species that can grow and yield 
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high biomass. These cover crops were also expected to address existing 
problems in those localities (Obiagwu 1997; Samarajeewa et al. 2006; Fourie 
2007; Den Hollander et al. 2007 & Kumar et al. 2008). Cover crops are intended 
to either provide cover for preserving soil against erosion, contribute to weed 
suppression or improve productivity of degraded soils. Ngouajio et al., (2003), 
also highlighted that in screening trials where short term benefits are revealed, 
farmers become interested in converting from conventional to conservation 
farming.  
Farmers should be prepared to invest in cover cropping as well as herbicide use 
in-order to realize these benefits and those that may come in the future. Most 
screening trials have paid much attention to winter cover crops whilst very few 
studies have evaluated summer cover crops prior to introduction of the main crop 
under rainfed conditions. Cover crops such as forage sorghum (Sorghum 
bicolor), sunflower (Heliathus annus), sunhemp (Clotolaria juncea), cowpea 
(Vigna unguiculata) and dolichos (Dolicos lablab), have been reported to be 
adapted to semi arid environments are tolerant to a range of degraded soils 
(Smith, 2007).   
2.8.2 Screening for high biomass production 
Amount of biomass produced by cover crops is one of the primary variables of 
importance in screening studies since it is key to addressing most of the 
objectives in cover crop systems (McGouty et al., 2006). A vine yard study in the 
Western Cape by Louw & Bennie (1992), indicated that 6-8 t ha -1 straw mulch 
managed to reduce the impact of erosion. However a close look at these studies 
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shows that cover crop species and management systems were not always 
consistent in performance. Differences in climatic conditions in the first and 
second greatly affected dry matter production and weed control efficacy across 
species and varieties (Fourie et al., 2001). Adaptation by cover crops is one of 
the key factors which ensures successful establishment and subsequent 
accumulation of high biomass in agro-ecological settings (Fourie et al. 2001; 
McGouty et al., 2006).  
 
2.8.3 Screening cover crops for weed suppression as living mulches 
Screening cover crops for high competitive ability against weeds has been shown 
to be beneficial to semi arid smallholder cropping systems that have weed 
management problems (Jeranyama et al., 2000; Smith, 2007). Weeds compete 
for resources with the main crop causing yield losses.  Cover crops suppress 
weeds by depriving resources (through root extraction, shading by canopy), and 
by allelopathy or releasing lethal biochemicals (Moschler et al., 1967).  
Fisk et al., (2001) highlighted that one fighting mechanism by a living cover crop 
is through reduction of light transmittance to the understory and available 
moisture to fall germinating seeds. As weeds attempt to establish they find 
themselves in competition for resources which may hinder their subsequent full 
development. Therefore when seeded, the cover crops can successfully 
suppress weeds provided they are well established before the emergence of 
weeds and maintain a uniform coverage of the soil.   
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The idea of planting cover crops is to simulate plant succession aimed at 
replacing an unmanageable weed population with a manageable cover crop (Tolk 
et al. 1999; Samarajeewa et al. 2006). When cover crops reach their reproductive 
stage they are killed by rolling and herbicide spray to prevent seeding and later 
on acting as weeds. Once killed, they are also expected to restrain weeds from 
growing and producing seed as they will be problematic in the next season. 
2.8.4 Screening cover crops for weed suppression as dead mulches 
The retention of dead soil surface cover crop residues (mulching) is key in semi 
arid environments where they would be needed to suppress weeds (Cantero-
Martinez et al. 2006). As surface barriers, residues tend to modify the micro 
climate of soil/surface interface (Cantero-Martinez et al. 2006). This is achieved 
by interception of incoming and reflection of shortwave radiation which reduces 
the quantity of light available to the soil surface, the heat absorbed by soils during 
the day and the amount soil moisture evaporated from soils. As a result weed 
germination of those species whose germination require light is reduced.  
 
Ngouajio et al., (2003) showed that weed emergence was reduced in pepper 
production by using cowpea (Vigna unguiculata) as surface mulch. Chemical 
compounds released during decay of cover crop residues can either promote or 
suppress growth and development of weeds and succeeding crops. For example, 
nitrates from legume residues can stimulate germination of certain weeds 
(Anonymous 2006). Research has demonstrated that release of inhibitors or 
allelochemicals has potential as a biological weed control strategy.  
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A study by Kumar et al., (2008) confirmed that buckwheat residues have the 
potential to suppress several weed species. However, there is a lot of debate 
surrounding the dependability of allelopathy as one finds it difficult to separate its 
effects from the barrier effects and whether growth inhibition is due to allelopathy 
or nitrogen immobilization (Kumar et al., 2008).  
 
The length of the fallow period is important to the rate of residue disappearance 
prior to planting of a succeeding crop according to Cantero-Martinez et al., 2006.  
Residue disappearance was less in short fallow periods compared to lengthy 
ones prior to corn planting. Weed resurgence has been observed when cover 
crop mulch is quickly degraded (Erenstein, 2003). Anonymous (2007) indicated 
that higher soil moisture under cover crop residue could have positive or negative 
effects on weed germination species requirements. On the other hand, saturated 
conditions could slow evaporation and inhibit germination of species inhibited by 
excess soil moisture. Droughty conditions on the other hand could enhance weed 
germination and survival. 
2.8.5 Cover crop mulch and moisture preservation  
The potential of mulches in conserving soil moisture is highly recognized in semi-
arid agro ecological settings (Nyakatawa, 1997; Tolk et al., 1999; Scopel et al., 
2004). Moisture conservation is especially important for maize which is highly 
sensitive to water stress. In a study by Nyakatawa, (1997), mulching increased 
grain and biomass yields of a maize crop by 26% compared to no mulch. In 
studies by Erenstein, (2003), water use efficiency was improved by 14 % and 
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grain yield by 17% due to mulching compared to bare fallow. Generally, mulch 
(dead or living) intercept raindrops and retards runoff therefore promoting 
infiltration. Soil moisture availability is subsequently prolonged by reduced 
surface evaporation due to insulation and shadding off of radiation transmittance 
by mulch and main crop canopy (Odhiambo & Bomke, 2001).  
Main crop yield reductions can also be experienced especially when the mulch 
deteriorates combined by prolonged droughts and poorly distributed rainfall (Tolk 
et al., 1999). On the other hand, thick mulch conditions can depress crop yields 
through immobilized nutrients within the residue or by retarding the distribution of 
applied nutrients to root zone as cited by Tolk et al., (1999). Thick mulches can 
also promote water logging conditions which can be detrimental to crop growth. 
The effect of can depend on the soil type e.g. sand realized high maize yields 
compared to sandy loam types Tolk et al., (1999). This was attributed to the fact 
that soils with fine particles (silt and clay) and organic matter hold more water at 
any given time compared to coarse soil particles.  
Factors such as effective soil depth (storage tank) and ground water table also 
affected the impact of mulch. Tolk et al., (1999), concluded that places with 
moderate to high evaporative demand, infrequent rainfall and low mulch 
quantities would depress the effectiveness of mulches in preserving soil 
moisture. Mulches also provide allowance for soil carbon dioxide sequestration 
over time as residues accumulate on the surface and act as carbon (C) sinks in 
cropping fields. This has an environmental advantage particularly in reducing 
global warming as noted by Smith (2007).  
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2.8.6 Mulches and soil erosion 
The presence of surface mulches from crop residues has a been shown to 
reduce soil erosion. Large quantities of biomass on the soil surface would reduce 
erosive run-off, raindrop impact which dislodges and loosen soil aggregates 
(Louw & Benie, 1992), Crop residue mulches also retard erosive wind velocities 
hance preserving the resource base Odhiambo & Bomke, 2001)   
2.8.7 Cover crops and nutrient cycling 
Poor soil fertility in degraded soils is one of the problems that can be improved 
through several mechanisms by cover cropping. Nutrient cycling is made 
possible by use of cover crops that have deeper or shallow roots than the main 
crop. Leached and untapped nutrients can be retrieved back to the surface where 
they can be made available in organic form for reuse by later crops after 
mineralization of biomass as noted by Tonnito et al., (2006). The same author 
noted that cover crops reduced nitrate leaching by 40% in relation to 
conventional tillage system.  
 
This nutrient catch ability by cover crops can be beneficial during high rainfall 
seasons in preventing soil nitrate losses. According to Dinesh et al., 2006, 
leguminous cover crops fix nitrogen and enhance soil nitrogen levels in soils 
deprived of nitrogen. For example early planted crimson clover and hairy vetch 
accumulated between 44 and 144 kg ha-1 of soil N according to Odhiambo & 
Bomke, (2001). However, supplementary fertilizer application may still be 
necessary to meet nitrogen needs of the main crop (Odhiambo & Bomke, 2001).  
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2.9 Fitting cover crops into maize based cropping systems through 
intercropping strategies  
The land ownership system determines for the most part the type of cropping 
system adopted by farmers according to Obiagwu, (1997). Small-scale farmers 
who have limited land holdings and resources try to make maximum use of the 
the land by planting more than one crop at a time (Obiagwu, 1997; Tsubo et al., 
2003). Intercropping composed of a cereal-legume partnership is commonly used 
by many small scale farmers in the semi arid tropics. Traditionally, farmers 
integrate legumes with maize and success is realized when the main crop yield is 
not affected, whilst the second crop provides reasonable yields allowing to either 
feed or sell of more than one product (Smith, 2007).  
 
Legume selections such as cowpea, dolichos, soyabean, groundnuts, pigionpea 
have been grown as companion intercrops with maize (Jeranyama et al, 2000; 
Tsubo et al., 2003). Tsubo et al., (2003) noted that some biophysical advantage 
can be realized by intercrops through efficient utilization of environmental factors, 
owing to canopy and root structural differences.  Legumes as food or cover crop 
companions have been shown to improve soil and crop productivity that 
otherwise would have been declining over time (Lesoing, & Francis, (1999); 
Akanvou, (2002); Arim et al. (2006) & Mudita et al. (2008). Legumes are either 
planted between maize rows or in strips of varying ratios to allow for some form 
of mechanized weeding. As proposed in this study, relay intercropping is another 
strategy that has been exploited successfully in West and Southern Africa where 
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legume species and time of planting and moisture levels determined biomass 
levels and main crop yields (Jeranyama, 2000; Tsubo et al., 2003). Evidence 
reported by Jeranyama et al. (2000) indicates that cover crops can possibly be 
introduced by relay intercropping without affecting yield of the main crop.  
In Zimbabwe, under sub-humid conditions cowpea (a food legume) and 
sunnhemp (a forage legume) were intercropped into maize as two legume rows 
between maize rows (Jeranyama et al., 2000). The legumes were relay 
intercropped  at about 28 days after planting maize (V4–V6 stage) and increased  
maize grain yield by 8-21% without use of fertilizers whilst dry matter yields 
varied from 0.6-4.6 Mg ha-1.  
A different scenario was observed in West Africa where upland rice biomass and 
grain yield were depressed when legumes Cajanus cajan and Stylosanthes 
hamata were relay seeded between 0-28 days after rice sowing (DARS). Beyond 
56 DARS there were no competition effects observed on rice. However, cover 
crop biomass was depressed due to the combined effect of inter-specific 
competition and reduced growing period. Perhaps differences arise depending on 
the main crop’s competitive ability and existing interactions within the system. A 
positive rotational effect through intercropping was shown by Arim et al., (2006). 
The author showed that planting C. ensiformis between two maize rows improved 
maize growth by up to 34 %. On the other hand, nematode population and 
disease severity were reduced by up to 32% and 26% respectively.  
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This showed that intercropping strategies provide a rotational effect which 
improves crop yields and break pest life cycles through crop diversity. 
Introduction of cover crops into maize systems would be a counterbalance to the 
fact that full crop rotations are not practiced by smallholder farmers in the Eastern 
Cape Province of South Africa (Mnkeni, 2007). 
2.10 Challenges of cover cropping   
Use of cover crops is not without challenges. One of the problems is the 
unavailability of affordable mechanical technology, labour, and seeds at the 
disposal of smallholder farmers (Erenstein, 2003). Cover crops can behave like 
weeds if not managed well, by depleting inherent moisture and nutrient reserves 
and reducing yield of the following crop as noted by Salako & Tian, (2003).  
 
Cover crop weed suppression solely by allelopathy is not dependable. It is still 
challenging to choose cover crop species based on allellopathic properties. 
According to Moschler et al., (1967) some of the biochemicals have not been 
well-characterized, and can reduce growth of the following or companion main 
crop. Kumar et al., (2008), suggested that, cover crops should be killed in a 
timely manner possibly to allow biochemical degradation effects during critical 
growth phases of the main crop. Therefore such attributes can only form an 
integral component of reliable weed management strategies such as herbicide 
applications and hand hoe weeding. Small-scale farmers find it difficult to invest 
in a crop that does not bring immediate food benefits considering that significant 
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economic benefits can be realized in the long term of cover cropping (Cantero-
Martinez et al., 2006). 
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2.11 Conclusions 
The review of literature has shown that cover cropping could improve system 
biomass levels and could be used for management of weeds, soil moisture and 
soil fertility. However, CA practiced under dryland conditions is still young and not 
well established in the EC hence there is less evidence documented to show tha 
cover cropping can actually improve soil cover and crop yields of a subsequent 
crop. In addition, identifying adapted cover crop species and appropriate 
intercropping strategies can improve chances of CA systems to work. Analysis of 
historical rainfall data using pentads and non aggregated data can be used to 
assess season quality (onset, duration and end) of effective rainfall. Such 
analysis can also provide insight on the feasibility of rainfed crop production. On 
the other hand analysis of daily rainfall can be used as tool to determine an 
appropriate signal for making planting decisions. 
In order to substantiate these arguments from literature, field experiments were 
carried out as reported in chapters; 4, 5, and 6, 7and 8 and their feasibility was 
tied to  the rainfall analysis in chapter 3. 
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3.0: ANALYSIS OF SEASON ONSET, DURATION AND DRY SPELL 
OCCURRENCES: A PLANTING DECISION TOOL FOR MAIZE/COVER CROP 
SYSTEMS.  
 
Abstract 
Rainfall is a key determinant of successful crop production and strategies for 
introducing cover crops into maize based cropping systems in the central Eastern 
Cape Province (EC). Thirty four years (1974-2008) of daily rainfall data from Fort 
Hare Research Farm (32°46' S and 26°50' E) was analyzed to determine growing 
season parameters such as onset and cessation of rains, season length and 
occurrence of dry spells. Various approaches were used, pentad analysis and 
instat package for analysis of daily rainfall figures. Pentad analysis generally 
indicated the absence of a growing season at Alice. This is in keeping with 
results obtained in many semi arid stations which show that the analysis is too 
harsh to be used to analyse growing seasons in dry areas. The four criteria used 
to establish a signal for onset of rains all showed that none was a reliable signal 
robust enough to for use by farmers.  Rainfall amount of 20mm in 2 successive 
days from the 1st of November could be used as a signal but only works in 1 year 
in 2 and at best in 65% of the seasons. Delaying planting by 2 weeks from an 
identified date of onset only had 15% chance of successful crop establishment. 
This implies that relaying cover crops at two weeks after planting at onset date 
would not be a practical practice to follow. It can be concluded from this analysis 
that a signal of 20 mm of rainfall received in two successive days from 1 
November is can be used for timeliness of planting. Moreover, further analysis is 
required to investigate other criteria to find a more robust signal.  
 
Key words: Criteria, Daily rainfall, Onset, Rainy pentads, Season length, Signal,  
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3.1 Introduction 
Maize/cover crop systems aimed at addressing land degradation problems in the 
Eastern Cape Province of South Africa are challenged by low and erratic rainfall 
with poor distribution. It was therefore necessary to begin by assessing rainfall 
parameters and their variability. The parameters of importance to successful crop 
production include onset of rains, duration and end of rains. Such analysis would 
assist in the analysis of feasibility of CA systems under rainfed conditions in the 
EC. In other studies, different analyses of varying degrees of sophistication have 
been used to assess season quality.  
The rainy pentad (5-day rainfall totals) analysis is one approach which has been 
used in both dry and wet environments to give a general picture of the available 
season (Ivy, 1978; Gramzow & Henry, 1972). This approach is simple and can be 
done manually without the need of computer software, and therefore, can be 
used to give a quick overview of the available season.  
In the pentad approach, season availability is illustrated by the beginning and end 
of rainy pentads at 50% probability or above to mark the beginning and end of 
the rainy season as shown by Gramzow & Henry, (1972). Different definitions of 
rainy pentads have been used in different regions with similar climatic conditions 
to the EC. In Zimbabwe (The Zimbabwean criterion), rainy pentads were defined 
as the center one of three consecutive pentads which together receive more than 
40 mm and two of which receive at least 8 mm of rainfall (Ivy, 1978; Anonymous, 
2007).  
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A more conservative approach by Gramzow & Henry, (1972) in Central America 
(The Central American criterion) defined rainy pentads as a five day period 
having at least 25 mm. The pentad approach has been shown to be a harsh tool, 
for assessing season quality in semi arid areas. A tendency to predict a no 
growing season when in fact one may actually exist has been observed in very 
dry areas (Lineham, 1978). It is however a quick assessment tool that can be 
used to generate a picture of season quality using historical data.  
Another approach of assessing season parameters makes use of daily rain fall 
data and the analysis is conducted with computer software such as INSTAT. The 
daily rainfall analysis is more reliable in terms of revealing accurate trends of  
rainfall onset, duration and end in each year compared to the pentad analysis 
which uses aggregated data.  
Season onset determined using the daily rainfall analysis can be useful to 
farmers when it is used to derive a good signal which can be used for making 
planting decisions. An appropriate signal is a certain rainfall amount which should 
be received at a specific time and it informs farmers to beginning planting. 
Ideally, a good signal will be more reliable if it shows high chances of success by 
having higher frequencies of recurrence, with fewer chances of false starts due to 
dry spell occurrence soon after planting whilst satisfying germination and crop 
establishment requirements (Stern et al., 1982; Sivakumar, 1988; Vanderlip et 
al., 1996). Different criteria have been used in different environments to 
determine an appropriate signal for onset.  
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Successful signals in the literature for semi arid and areas similar to the central 
EC include 20 mm in 2 consecutive days from the 1st of November (Sivakumar, 
1988; Stern et al., 1982) and 30 mm in 2 consecutive days also from the 1st of 
November (Vanderlip et al., 1996). In search for such signals, researchers 
normally impose conditions that are designed to to ensure successful crop 
establishment. In the case of Stern et al., (1982) it was conditional that the 20 
mm of rainfall should not be followed by more than 10 dry days in the 30 day 
period in which the rainfall was received. Sivakumar (1988) used a more 
stringent threshold of only 7 dry days in a following 30 day period. 
Identifying reliable signals that can be validated using long term rainfall data 
would provide farmers in the central EC with an easy tool that they can use to 
make decisions regarding planting time. 
To benefit from such a decision tool, farmers will need a rain gauge which will 
alert them whether the required precipitation has fallen. In other studies that have 
been done it has been shown that intercropping could be used to incorporate 
cover crops into maize systems (Van Averberke & Marais, 1991; Silwana & 
Lucas, 2002). Given the challenge of low rainfall one would worry about the 
issues of competition that are likely to arise in intercropping. Strategies that are 
likely to succeed are those that minimize competition and such strategies include 
strip patterns, between-row and relay intercropping (Van Averberke & Marais, 
1991; Silwana & Lucas, 2002; Mashingaidze, 2004; Smith 2007). Relay seeding 
of cover crops at two weeks after planting maize has been shown to minimize 
competition effects whilst deriving reasonable biomass yields from both crops 
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(Smith, 2007). In the case of the central EC with low rainfall it was important to 
determine the probability of having sufficient rainfall for planting (planting 
opportunities) when cover crops are relayed after onset of rains and also if 
remaining season would be adequate to produce appreciable cover crop biomass 
levels.  
Dry spells during maize flowering can have a severe effect on maize yield if they 
are prolonged (Campos et al., 2004). Whilst it is important to identify reliable 
criteria for onset for successful maize production, it is also important to assess 
the risk of dry weather during flowering. Maize is more vulnerable to stress at 
flowering, when silk growth, pollination, and kernel set occur as cited by Shaw, 
(1977). According to the author, moisture stress at flowering stage retards ear 
growth and silk emergence more than tassel growth. This gap results in poor 
yields due to limited fertilization and consequently kernel set. There is therefore, 
need to investigate the Impact of dry spells on maize during flowering for popular 
cultivars grown by farmers.  
Determining dry spell frequencies and duration would give an indication of the 
degree of stress that crops would be exposed to and the likelihood of success 
(Usman & Reason, 2004). If dry days are more than 15 days then it would be an 
indication of higher degree of stress. A dry day is defined as a day with less than 
0.85 mm of rain (Usman & Reason, 2004). However, this amount may be little 
and meaningless to Alice soils which quickly dry when small rainfall amounts are 
received.  
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A study on rainfall probability analysis was carried out to try and improve planting 
decision methods used by farmers in villages in the vicinity of the University of 
Fort Hare in Alice town in the Eastern Cape Province.  The objectives of the 
study were: (i) to determine the average onset, end and duration of the rains 
using the rainy pentad approach (ii) to determine an appropriate signal for 
planting in Alice by testing different criteria of onset (iii) to determine variability of 
season onset, end and duration in Alice (iv) to determine whether there are 
planting opportunities when planting is delayed by two weeks after onset (v) to 
determine potential risk of dry spells during the wet season at critical growth 
stages of maize cultivar adapted to dry areas of Alice 
 
It was hypothesised that; (i) the rainy pentad approach would portray the average 
onset, end and duration of the rains in Alice and that (ii) appropriate signals for 
planting opportunities would be identified (iii) variability of season onset, end and 
duration in Alice can be quantified (iv) there are planting opportunities when 
relaying of cover crops is delayed by two weeks after onset  (v) risk assessment 
of dry spells during the flowering stage of dry land maize can be made for the 
growing seasons experienced in Alice. 
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3.2 Materials and methods 
3.2.1 Historical rainfall data recorded at Fort Hare Research Station  
Thirty four years (1974-2008) of daily rainfall data were obtained from the 
weather station at Fort Hare Research Farm (32°46' S and 26°50' E) in Alice.  
The station is located an altitude of 508 m above sea level (m.a.s.l), in the central 
part of the Eastern Cape Province of South Africa (EC). The site experiences a 
semi-arid climate, receiving an annual mean rainfall of 500 - 600 mm (Austin, 
1989).  
3.2.1.1 Mean seasonal and off-season rainfall 
Using the long term rainfall data, seasonal rainfall for each year (1974-2008) was 
plotted to illustrate the quality of growing seasons in Alice. The coefficient of 
variation, standard deviations, skewness, minimum and maximum values of 
seasonal rainfall were also determined using the Genstat statistical package. The 
quality of seasons during the study period (2007-2008) were compared to the 
long term seasons to determine the likelihood of occurrence. Long term off-
season rainfall amounts were also determined for the available data and plotted. 
The off-season rainfall amounts received during the study period were then 
compared to the long term to assess the likelihood of occurrence. 
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3.2.2 The rainy pentad analysis  
3.2.2.1 Identifying rainy pentads using two criteria 
Daily rainfall data was aggregated into five day totals known as pentads and 
were categorized by starting with pentad 1 (1-5 January) ending at pentad 73 
(27-31 December) for each year. Two distinct criteria of rainy pentads, one from 
Zimbabwe and the other from Central America, were used separately to identify 
rainy pentads for purposes of illustrating average onset, end and length of wet 
season in Alice. As mentioned before, the Zimbabwean criterion, defined a rainy 
pentad as the central 5-day period of three consecutive pentads which together 
receive more than 40 mm and two of which receive at least 8 mm of rainfall (Ivy, 
1978). The Central American criterion, defined a rainy pentad as a five day 
period having 25 mm or more (Gramzow & Henry, 1972)  
 
3.2.2.2 Illustration of onset, end and duration at 50% and 25% probability level 
For both the Central American and Zimbabwean pentad analyses, frequency of 
rainy pentads was established for all the years on record. Frequency distribution 
curves were then plotted and onset dates calculated using 25% and 50% 
probability levels of rainy pentads as onset criteria 
3.2.3 The daily rainfall analysis  
3.2.3.1 Rainfall data and software programme 
Daily rainfall for seasons (1974-2008) was presented in the Julian day format. 
The INSTAT statistical package (Statistical Services Center, University of 
Reading, 2008) was used to search for an appropriate signal for planting starting 
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from day 305 or the 1st of November in each year using the. The 1st of November 
was used as the possible start date based on guidance by the Zimbabwean rainy 
pentad analysis which managed to illustrate seasonality in Alice (Fig 3.2).  
 
3.2.3.2 Tested criteria and determination of an appropriate signal for planting 
Three criteria which have worked in dry regions similar to the Eastern Cape 
Province were used to determine onset dates as shown in Table 3.1. A fourth 
criterion which was designed in this study was included, and was derived  based 
on knowledge of moisture requirements for crop establishment at Fort Hare 
Research Farm and other agro-ecological zones within the vicinity (Table 3.1).  
Each criterion required a certain amount of rain to be received at specified time 
(representing onset), starting from the 1st of November. After this rainfall was 
received, a certain number of dry days were not supposed to be exceeded in the 
next 30 days (Table 3.1). The defining conditions for each criterion were fed as 
commands into the INSTAT programme and the corresponding onset dates for 
each year were determined. The frequencies of occurrence, coefficient of 
variation, average values, skewness, median values and standard deviations of 
onset dates were determined using Genstat statistical package. A criterion was 
considered to possess an appropriate signal when it showed the highest number 
of chances or frequencies of having successful onset dates (planting 
opportunities). Mean onset values were used if the onset data across years were 
normally distributed around the mean. However, where the data was skewed the 
median value was considered to be the onset. 
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Table 3.1: Criteria used for searching onset dates, and the conditions for avoiding 
false starts 
Criterion                                                                                               Conditions  
Stern et al., (1982) Starting from the 1st of 
November  find 2 consecutive 
days with 20 mm of rainfall 
Dry days should not be more 
than 10 in the next 30 days 
Sivakumar (1988) Starting from the 1st of 
November find 2 consecutive 
days with 20 mm of rainfall 
Dry days should not be more 
than 7 in the next 30 days 
Vanderlip (1996) Starting from the 1st of 
November find 2 consecutive 
days with 30 mm of rainfall 
Dry days should not be more 
than 15 in the next 30 days 
Fort Hare (UFH) Starting from the 1st of 
November find 2 consecutive 
days with 20 mm of rainfall 
Dry days should not be more 
than 15 in the next 30 days 
 
3.2.3.3 Determination of the second planting opportunity after onset 
A successful criterion was used to determine the possibility of second planting 
opportunities at two weeks after onset. The same conditions used to define onset 
(the first planting opportunity) were used to identify the second planting dates . 
3.2.3.4 The end of the growing season  
INSTAT programme was used to derive the end of the season using the water 
balance method. A soil moisture field capacity of 100 mm was used because it is 
the typical water holding capacity for the soils at the Fort Hare Research Farm 
(on-station) and those in village farms within the vicinity of the Alice agro 
ecological zone.  An evaporation of 5 mm was assumed to account for moisture 
depletion until the last day it fell by 50% for more than 15 days. All the above 
conditions were used as commands which were fed in the INSTAT programme to 
search for precise end dates in each year. Mean end, coefficient of variation, 
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standard deviations, skewness and median values of these dates were 
determined using the Genstat statistical package. The mean end was used when 
the data for end dates across years were normally distributed around the mean. 
However where the data were skewed the median value was considered to be 
the end date.  
3.2.3.5 The available growing period  
The duration of the available growing period was determined by first finding the 
season duration in each year, calculated as onset dates (using a suitable 
criterion) minus the end dates determined by the water balance method. The 
mean duration, coefficient of variation, standard deviations, skewness and 
median values of the season lengths across years were then determined using 
the Genstat statistical package. The mean season length was chosen to 
represent the available growing period in Alice where the data for season length 
across years were normally distributed around the mean. However, where the 
data were skewed the median value was considered. 
3.2.4 Dry spell analysis 
Dry spell occurrences were related to the growth physiology of DKC 65-21 which 
takes 68 days to flowering (du Plessis & Bruwer, 2005) after onset of rain (first 
planting opportunity).  The length of dry spells occurring at the flowering stage 
were categorized as lasting between, 0-10, 11-20 and 21-30 days represented 
mild, moderate and severe stress levels respectively. The severity of dry spells 
was related to the pollen shade period at flowering of DKC 65-21. The dry spells 
were detected by INSTAT programme using long term daily rainfall data 
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(1974/2008) recorded at the Fort Hare Research Farm. A rainfall event with less 
than 1 mm of rain was considered a dry day in this study. The frequencies of 
occurrence, mean, coefficient of variation, standard deviations, and skewness of 
dry spells in each category across years was determined using Genstat statistical 
package.  
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3.3 Results 
3.3.1 Seasonal rainfall at Fort Hare Research Farm (On-station) 
Seasonal rainfall figures received between 1974/2008 were included to give an 
indication of rainfall quantities that can be available for crop production in a given 
season in Alice (Fig. 3.1). The seasonal rainfall data across the years has a 
median value of 349 mm, the average of mean seasonal rainfall across years 
was not considered because the data were skewed. The seasonal rainfall figures 
are highly variable owing to a coefficient of variation of 34, and standard 
deviation of 123. Alice received a minimum seasonal rainfall of 130 mm in 1992 
which and a maximum of 672 received in 1977 (Fig. 3.1). The 2007/08 season 
received 433 mm and the occurrence of such a season can be expected once in 
five years when compared to long term seasons. The second season 2008/09 
received 318 mm of rain which can be expected once in every two years 
 
Fig. 3.1: Seasonal rainfall in Alice (UFH) 1974/2008  
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The off-season rainfall was highly skewed 0.6 and therefore a median value was 
of 245 mm was determined instead of the mean. A minimum value of 113 mm 
was received in 1996 whilst a maximum value of 453 was received in 2006. In 
the 2007/08 season, 180 mm of rain had fallen during the fallow period prior to 
the establishment of trials. The chances of receiving such an amount are 1 in 1.2 
years. In the fallow period of the 2008/09 season, 178 mm fell and is this amount 
was representative of rainfall expected 1 in 1.1 years. These rainfall amounts 
received during the fallow periods of the study represented 36% of the average 
annual rainfall (500 mm) received in Alice. 
 
Fig. 3.2: The off-season rainfall in Alice (UFH) 1974/2008 
 
3.3.2 The rainy pentad analysis  
The rainy pentad criterion borrowed from Zimbabwe showed that there is no 
season in Alice at 50% probability level (Fig 3.3). However this criterion indicates 
that there is a chance to have a rainy season in 1 out of 4 years which is the 25% 
probability level (Fig 3.3).   
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The average season starts on the 2nd of November (pentad 62) and ends on the 
22nd of March (pentad 17) as indicated by the beginning and end of rainy pentads 
at the 25% probability level (Fig 3.3).  
This Zimbabwean criterion showed that 1year in 4 growing season in Alice is 140 
days long. However, it experiences intervening dry periods when the rainy 
pentads drop below the 25 % mark during the months of December and January 
(Fig 3.3). On the other hand, the criterion borrowed from Central America showed 
that there are no chances of experiencing a rainy season at 25 and 50% 
probability levels in Alice (Fig 3.4).   
 
 
Fig. 3.3: Prediction of season onset and duration in Alice set at 25 and 50% 
probability level using the Zimbabwean criteria for rainy pentads 
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Fig. 3.4: Prediction of season onset and duration dates in Alice set at 25 and 50 
% probability  using the Central American criteria for rainy pentads 
 
3.3.3 The daily rainfall analysis  
3.3.3.1 Season onset 
The Fort Hare criterion showed a 65% chance of successful crop establishment if 
used as planting signal. This was higher than other signals which showed levels 
of 45-54% (Table 3.2).  
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Table 3.2: Criteria tested and probability of success in detecting season onset 
dates and the corresponding cessation dates and length of the growing period. 
Criteria of onset 
 Stern et al, (1982) Sivakumar (1982)   Vanderlip (1996) Fort Hare  
Signal          20 mm  20 mm    30 mm  20 mm 
Max dry days           10   7                                 15   15 
ONSET     
Median    Dec 3 (day 337) Dec 3 (day 337) Nov 21 (day 325) Nov 18 (325) 
Skewness 0.1 -0.2 0.4 0.6 
SDVE 18 19 19 18 
CV    5 %    6 %    6 %   5 % 
END     
Median    Marc 29 (88) Marc 28 (87) Marc 28 (87) Marc 28/ (87) 
Skewness 0.6 0.5 2.9 1.9 
SDVE 4 6 6 7 
CV    5 %    7 %    7 %    7 % 
LENGTH     
Median    125 days 115 days 130 days 135 days 
Skewness -0.2 0.3 -0.5 -0.2 
Maximum 154 days 151 days 151 days 164 days 
Minimum 100 days 94 days 91 days 91 days 
SDVE 17 19 19 18 
CV    14 %    16 %    15 %     14 % 
 
Successful 
seasons in 34 
years 
   46 %    54 %    54 %     65 % 
SDVE = standard deviation, CV = coefficient of variation 
 
The Fort Hare criterion was therefore, the one which provides the most reliable 
signal for season onset in Alice (Table 3.2). The season was shown to start on 
the 18th of November or day 322 according to the Fort Hare criterion (Table 3.2).  
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Median onset, end dates and season length were considered to be more relevant 
instead of the mean values due to the skewness of the data (Table 3.2). The 
onset dates detected by this criterion were widely spread around their mean 
(ranging from November 6 to December 26) as indicated by the high standard 
deviation of 18 (Table 3.2). The onset dates detected by the Fort Hare criterion 
also showed a low coefficient of variation of 5 % (Table 3.2). 
3.3.3.2 End of growing period 
The growing period terminates on the 28th of March (day 87) according to the 
Fort Hare criterion (Table 3.2).  End dates corresponding to onset dates of the 
Fort Hare criterion were narrowly spread around their mean as shown by low 
standard deviation of 7 (Table 3.2). The dates also showed a low coefficient of 
variation of 7 % (Table 3.2).  
3.3.3.3 Length of the growing period 
The length of the growing period in Alice was shown to be 135 days long 
according the Fort Hare criterion. The calculated values of season length across 
years were widely spread around their mean as shown by the high standard 
deviation of 18 (Table 3.2). The growing season in Alice experiences a maximum 
of 164 days and a minimum of 91 days after onset (Table 3.2).  
3.3.3.4 Planting opportunities for relay seeding at two weeks after onset  
Results show that there are fewer chances of success if planting is delayed by 
two weeks after onset as indicated by the low frequency of successful seasons 
across years of 15% (Table 3.3). Therefore it shows that one cannot relay seed 
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cover crops using the two weeks delay strategy in Alice. The two weeks delayed 
planting dates for relaying also showed a relatively low standard deviation of 13 
indicating a narrow spread around the mean planting date (Table 3.3). In 
addition, these dates showed a low coefficient of variation of 4%.  
3.3.3.5 Length of the growing period 
The length of the growing period is 121 days when planting is delayed by two 
weeks after onset (Table 3.3). The calculated lengths of the growing period 
showed a high standard deviation of 18 indicating a wide spread around their 
mean length (Table 3.3).  These durations also showed a high coefficient of 
variation of 14% (Table3.3). 
Table 3.3: The second planting opportunity and length of the growing period 
when relay seeding of cover crops is delayed by two weeks after season onset 
following the Fort Hare criterion.   
TWO WEEKS AFTER ONSET  
(PLANTING OPPORTUNITY) 
 
Median    Dec 5 (339) 
Skewness 0.6 
SDVE 13 
CV   4 % 
LENGTH  
Median    121 days 
Skewness                                -0.2 
Maximum 136 days 
Minimum 113 days 
SDVE 18 
CV     14 % 
  
Successful seasons in 34 years     15 % 
SDVE = standard deviation, CV = coefficient of variation 
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3.3.4 Dry spells and potential impact on maize cropping systems 
Dry spells in the mild category showed a 56% probability of occurring and those 
in the moderate showed a 32% probability whilst those in the severe category 
showed a very low probability of 0.03% (Table 3.4).  The dry spells in the mild 
and moderate categories showed narrow variability as indicated by the low 
coefficient of variations, range and the standard deviations (Table 3.4). Median 
spell lengths were used instead of means due to the skewness of the data. A 
single dry spell was detected in the severe category in 1982 resulting in the low 
frequency across years and other statistical evaluations could not be done (Table 
3.4). 
Table 3.4:  Potential dry spell occurrences at the pollen shade period of DKC 61-
25 in Alice 
Dry spell category 
 Mild 
0-10 days 
Moderate 
11-20 days 
Severe 
21-30 days 
Frequency of 
occurrence in 34 
years 
 
56% 
 
32% 
 
0.03% 
Median spell length 8 12 --- 
Minimum 4 11 --- 
Maximum 10 19 --- 
Range 6 8 --- 
Skewness - 0.4 1.9 --- 
Standard deviation 1.6 2.3 --- 
Coefficient of variation 22.2 17.7 --- 
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3.4 Discussion 
The pentad approach using the Zimbabwean criterion showed zero growing 
seasons at Alice using a probability threshold of 50%. This agrees with 
assessment of the method as harsh for dry areas. Using a lower probability 
threshold of 25% growing season averaged 140 days. Use of daily rainfall data 
indicated a range of 115 – 135 days with probability levels of 46 – 65%.  
 
The rainy pentad approach though harsh is a simple and unsophisticated tool 
that can be used for advisory purposes by extension workers to help farmers on 
decision making with regards to dryland crop production. For instance farmers 
can be shown from the graph that onset begins in the 2nd of November ending on 
the 22nd of March (Fig. 3.2).  
 
The pentad approach was also useful in showing that Alice weather is 
characterized by lengthy dry spells in the months of December, January up to 
early February.  This agrees with work by Aviad et al. (2004), who noted that, in 
similar environments frequent dry spells reduce the effectiveness of a season. 
Therefore farmer cropping strategies would have to try and avoid synchronizing 
critical growth phases (early growth and flowering growth stages) with these dry 
periods. Such strategies have been reported to work by Alemaw et al. (2006).  
The Central American rainy pentad criterion lacked sensitivity with respect to 
season prediction, which suggested that it might not work for dry areas like Alice 
and its surroundings. Whilst the rainy pentad analysis is important in revealing 
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season spread, a signal that could be of direct importance to help farmers in 
deciding when to plant was also derived in this study. After the 1st of November, 
farmers can plant their maize and cover crops, if they receive 20 mm of rainfall in 
two consecutive days. This signal was shown to have higher chances of success 
as season onset in Alice according the Fort Hare criterion.  
Generally, season onset was shown to have a higher degree of interannual 
variability. Therefore farmers can look forward to begin planting from the 2nd of 
November. This implies that land preparations should be done in advance, 
perhaps, towards the end of October to facilitate planting as soon as the signal is 
recognized. Small-scale farmers need to be in possession of rain gauges to 
inform them when adequate planting rain falls. On the other hand, the 
opportunities of planting two weeks after season onset were shown to be very 
limited as indicated by the 15% chance of success. This suggests that farmers 
should plant at the onset rains since the in-season rains are less reliable for 
planting. These results also suggest that strategies of relay intercropping cover 
crops into maize at two weeks after onset may not work due to the unreliability of 
the second planting rains.  
Knowing when the rain season ends and its variability was equally important in 
this study, since it affects crop production. Season end also facilitate the drying 
process of maize grain to the required moisture levels for harvesting without fear 
of spoilage (Tadross et al. 2005). Moreover, farmers are able to decide when to 
bring in heavy equipment for rolling or mulching crop residues without fear of 
compacting the soil when it’s wet.  
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Mulching promotes harvesting of fallow rainfall to benefit the next season crop. 
Analysis of fallow rainfall indicated that on average 180 mm of fallow rainfall can 
be expected almost every year. One can assume that if persistent and high 
biomass levels are produced by cover crops, the chances of conserving fallow 
soil moisture can be increased to benefit the next crop.  
In Alice the wet season was shown to end on the 28th of March and lasting for 
135 days following the Fort Hare criterion. This is in agreement with results which 
were revealed by the rainy pentad analysis though the daily rainfall analysis is 
more realistic compared to the pentad analysis. One can be concerned about the 
length of the growing season, which seems to be long enough to grow a long 
season variety. However, it is not enough to focus on season length alone 
without considering the quality or effectiveness of a season which largely 
depends on the distribution of daily rainfall and dry spells as reported by Jolliffe et 
al. (1994).  
The pentad analysis hinted on the presence of dry spells in the average wet 
season of Alice. The dry spells analysis using daily rainfall confirmed about the 
existence of dry spells. The existence of dry spells could possibly affect yield of 
some of the ultra short season varieties recommended for dry land cropping 
systems like DKC 61-25, (du Plessis & Bruwer, 2005). Ultra-short season 
varieties are likely to suffer mild to moderate stress during their reproductive 
stages between 68- 88 days after onset and yield penalties will largely depend on 
the evaporative demand during that period. This confirms the importance of 
planting with onset rains since delayed planting is not good for crop 
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establishment and would also expose the crop to dry spells at flowering further 
compromising potential yields (Van Duivenbooden et al., 2000). However, 
farmers will still be required to adhere to management practices that minimizes 
yield loses due to moisture stress such as selecting drought tolerant species, 
using appropriate spacings, thinning and weeding where necessary to improve 
moisture use efficiency (Makarau, 2000; Van Duivenbooden et al., 2000; 
Mashingaidze, 2004; Passioura,  2006).      
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3.5 Conclusions  
In 1 out of 4 years (25% probability level) there is a chance that the average 
season begins on the 2nd of November, ending on the 22nd of March and lasting 
for 140 days according to the Zimbabwean criteria used for rainy pentad analysis.  
The Fort Hare criterion was the best criterion in predicting season quality of Alice 
using non-aggregated daily rainfall data. The criterion showed a 65% reliability in 
predicting seasonality. There is still an element of risk in using this as a signal for 
onset. This Fort Hare criterion signals one to start planting when 20 mm of rainfall 
is received in two consecutive days after the 1st of November. This criterion also 
indicated that season onset and duration have a high degree of interannual 
variability. However season end dates showed a relatively low interannual 
variability. According to the Fort Hare criterion, there is a 15% chance of 
receiving planting rains two weeks after onset. Therefore, farmers have to rely on 
onset rains which are more reliable in ensuring good crop establishment. The dry 
spell analysis indicated that, short season varieties can experience mild to 
moderate stress during pollen shade period. Therefore, yield penalties can be 
minimized if drought tolerant short season crop varieties are used.  
 
 
 
 
 
55 
 
4.0: EVALUATING SUMMER COVER CROP SPECIES FOR BIOMASS 
PRODUCTION AND WEED SUPPRESSION.  
Abstract 
Cover crops that can produce large amounts of biomass are essential for the 
success of CA in challenging rain-fed conditions. The objective of this study was 
to screen summer cover crops for biomass production and weed suppression 
under rain-fed conditions. The study was a field experiment conducted both on-
station and on-farm at Fort Hare Research Farm (UFH) (32°46' S and 26° 50' E), 
and Msobombvu (MSBV) (32°44' S, and 26° 55' E) village, respectively. Six 
summer cover crops i.e. cowpea (Vigna unguiculata), dolichos lablab (Dolichos 
argenteus), sunnhemp (Crotalaria juncea), buckwheat (Fagopyrum sagittatum), 
forage sorghum (Sorghum bicolor) and sunflower (Helianthus annus) were 
evaluated over two seasons. A weedy fallow treatment was included as a control 
to assess weeds. The trial was laid in randomized complete block design 
replicated three times. Forage sorghum and sunflower were the high biomass 
producers achieving yields above 8 t ha-1. Cover crops showed a similar degree 
of weed suppression irrespective of the amount of biomass produced. Forage 
sorghum and sunflower can be used for generating high biomass under rainfed 
conditions.   
Keywords: Conservation agriculture, dry matter, weeds 
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4.1 Introduction 
Though cover crops have the potential to arrest or reverse processes of soil 
degradation, in the Eastern Cape (EC), there is no information on suitable cover 
crops for the area. One challenge is the selection of cover crop species that are 
adapted to the ecological conditions in the EC, which would enhance the 
chances of CA addressing or alleviating the existing problems.  
Cover crop species such as sorghum, sunflower, cowpea, dolicos lablab, 
sunhemp, and buckwheat were shown to be adaptable to low moisture and 
fertility regimes of the EC (Van Averberke & Marais, 1991; Jeranyama et al., 
2000; Botha et al., 2005; Smith, 2007) and to produce appreciable biomass 
levels in marginal areas (Jeranyama et al., 2000; Botha et al., 2005; Smith, 2007) 
. Forage sorghum and sunflower can produce between 8 t ha-1 and 7 t ha-1 whilst 
sunhemp, cowpea, dolichos and buckwheat yield comparably between 3-5 t ha-1 
in semi arid environments (Jeranyama et al., 2000; Botha et al., 2005; Arim et al., 
2006; Smith, 2007). These species were also shown to offer weed suppression 
benefits (Ngouajio et al., 2003). Weed suppression may be realized by more than 
one mechanism other than biomass accumulation e.g allelopathy (Kalinova et al. 
2007). It was, therefore, important to screen cover crop species for biomass 
production growth and weed suppression under rainfed conditions in the EC. It 
was also hypothesized that summer cover crops will not differ in terms of 
biomass production, growth and weed suppression. 
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4.2 Materials and methods  
4.2.1 Experimental site  
Screening for cover crop biomass and weed suppression was conducted over two 
seasons 2007/08 and 20008/09 at Fort Hare Research Farm-UFH, and 
Msobombvu-MSBV. More details about the sites are provided in chapter 3.  
4.2.2 Experimental design and treatments  
In 2007/08 season, the treatments included five cover crop species; forage sorghum 
Superdan, buckwheat Bird seed, cowpea Agrinawa, dolichos Highworth and 
sunhemp Common plus a weed fallow. In this experiment, sunflower Bird seed  had 
been included as the sixth cover crop treatment, but was not evaluated because it 
failed to germinate due to poor seed viability.  In 2008/09, new plots were used and 
sunflower was present including the treatments which were assessed in the 
previous season.  A randomized complete block design (RCBD) replicated three 
times was used.  
4.2.3 Agronomic management 
4.2.3.1 Land preparations  
In 2007/08 season, land was prepared conventionally (ploughing and discing) to 
remove the influence of previous biomass, old weeds, plough layer and surface 
crusts.  In the second season (2008/09), previous plots were not ploughed or disced 
so that residual effects the succeeding crops could be assessed. However, in 
2008/09 land preparations were only done on separate plots, used to repeat the 
screening trial.   
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4.2.3.2 Cover crop management  
The plot size was 6 m x 5 m. Forage sorghum was drilled at a seed rate of 15 kg ha-
1, whereas buckwheat and cowpea, dolichos and sunhemp were drilled at a seed 
rate of 20 kg ha-1. An inter- row spacing of 45 cm was used for all cover crops. In 
2007/08 season, the screening trials were established on the 21st  and 23rd  of 
December at UFH and MSBV respectively, and was terminated on 22 April, when 
cover crops had reached full bloom, by mechanical rolling followed by spraying 
glyphosate at a rate of 4 L ha-1. The weedy fallow was also terminated at same the 
time as in other treatments using the same procedure as cover crops. In 2008/09 
season the trials were laid out between 16th and 18th of December at UFH and 
MSBV respectively and cover crop growth was terminated on 23 March.  
4.2.3.3 Fertilizer management 
Basal fertilizer 2:3:4 (30) was drilled to supply a minimum of 13 kg ha-1 N 10 kg ha-1 
P and 26 kg ha-1 K to legume cover crops. Other non-legume cover crops were 
fertilized with 2:3:4 (30) at a rate of 500 kg ha-1 to supply 30 kg ha-1 N, 50 kg ha-1 P, 
and 66 kg ha-1 K (Van Averbeke & Marais, 1991).  A single hand hoe weeding was 
carried out in all trials after the first samples of weed biomass were taken.  
4.2.4 Measurements 
4.2.4.1 Soils   
Soil samples were taken at each site in 2007/08 season, to determine the chemical 
soil properties in each plot prior to trial establishment. However, soil textural figures 
properties were obtained from Van Aveberke & Marais (1991). The soils at Fort 
Hare site are sandy loam due whilst those at Msobombvu are clay loam (Table 4.1).  
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The soils at both sites contain very low amounts of nutrients particularly N, P, K 
(Table 4.1) 
Table 4.1: Soil properties at Fort Hare Research Farm (UFH) and Msobombvu 
(MSBV)  
 
4.2.4.2 Rainfall 
Three rain gauges mounted on stands were placed near each replication and daily 
average rainfall figures were recorded during the growing season. 
4.2.4.3 Cover crop biomass and growth 
Cover crop biomass was destructively sampled from selected rows outside the main 
plot area but away from border rows in 2007/08 and 2008/09 seasons. Cover crop 
biomass was sampled three times after establishment at two weeks intervals from 
two quadrants each covering 0.245 m². The samples were oven dried at 65ºC to 
constant mass for DM determination. Linear regression graphs were plotted using 
cumulative biomass over time to evaluate cover crop growth rates.  
Linear regression graphs were used to explain growth rates instead of the sigmoid 
growth curve due to few data points. 
4.2.4.4 Weed counts and biomass 
Weed counts and biomass samples were taken from areas which were occupied by 
cover crops from two quadrants (0.245 m²). Measurements on weeds were taken 
Site Sand 
% 
Silt 
% 
Clay 
% 
Total C 
% 
Total N 
% 
P 
mg/L 
K 
mg/L 
CEC 
cmol/kg 
pH 
H2O 
(1:2:5) 
UFH 48 38 13 0.87 0.12 92.4 100.2 15 6.5 
MSBV 21 48 30 0.95 0.23 68.2 67.7 32 7.2 
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three times at two weeks intervals at both sites. The weed samples were oven dried 
at 65ºC to constant mass for dry matter DM determination.  
4.2.5 Data analysis 
Data of plant dry matter and weed counts were subjected to analysis of variance 
(ANOVA) combined across site and seasons. Means separation was done using 
Fisher’s Protected LSD and the Duncan’s multiple range test at 5% significance 
level using Genstat Statistical package. Correlations between cover crop and weed 
biomass were also determined to explain weed suppression by cover crops.  
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4.3 Results 
4.3.1 Rainfall 
In 2007/08 season, Fort Hare Research Farm (UFH) received a total of 433 mm 
while Msobombvu (MSBV) site received 526 mm. In 2008/09 season, the UFH 
received 318 mm compared to 367 mm at MSBV. The monthly rainfall varied less at  
MSBV compared UFH. 
  
Fig. 4.1: Monthly rainfall at Fort Hare Research Farm (UFH) and Msobombvu 
(MSBV) in two seasons and long term average (Ave) rainfall at UFH. 
  
 
0
20
40
60
80
100
120
140
160
Oct Nov Dec Jan Feb Mar
Month
R
ai
nf
al
l (
m
m
)
2007/08 UFH 2008/09UFH 2007/08 MSBV
2008/09MSBV 1980/08 Ave
62 
 
4.3.2 Cover crop dry matter production  
4.3.2.1 Cover crop dry matter production at buckwheat kill date (40 days after 
planting) 
Buckwheat was the first to reach full bloom (kill time) at 40 days after planting (DAP) 
owing to its short duration growth cycle. The other cover crops reached their 
flowering stage between 65 and 70 DAP and this trend was observed in both 
seasons at the two study sites. Hence buckwheat’s final dry matter yield was 
compared to those of other cover crop species even though they had not reached 
their kill time. The cover crops that grew beyond buckwheat kill date were also 
compared excluding buckwheat for final dry matter production. 
There were significant (p<0.05) differences with respect to site, season and species 
on cover crop dry matter production at buckwheat kill date. Forage sorghum 
produced significantly (p<0.05) higher dry matter compared to other cover crops at 
both sites for both seasons except in 2008/09 where the biomass was similar to that 
of buckwheat at Msobombvu village (MSBV)  (Table 4.2). In 2008/09 the dry matter 
yields of the cover crops at MSBV were lower than those at UFH (Table 4.2) Other 
cover crop species produced variable dry matter yields which were below 6 t ha-1 in 
both seasons and sites (Table 4.2). At UFH, cover crops produced significantly 
(p<0.05) higher dry matter in 2007/08 than in 2008/09 season whereas at MSBV dry 
matter of forage sorghum, buckwheat, and sunflower decreased (Table 4.2). 
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Table 4.2: Cover crop dry matter production at buckwheat kill date (40 days after 
planting) in 2007/08 and 2008/09 seasons at Fort Hare Research Farm (UFH) and 
Msobombvu village (MSBV) 
 Fort Hare Research Farm   Msobombvu village  
 2007/08 2008/09  2007/08 2008/09 
 ---------t ha-1--------  ---------t ha-1-------- 
 
Forage sorghum 
 
8.6 a 
 
5.3 c  
  
6.2 b 
 
5.0 cd  
 
 
Buckwheat 
 
 
4.1 ef  
 
 
3.0 hi 
  
 
3.0 hi 
 
 
4.8 cd  
 
 
Sunhemp 
 
 
4.2 ef 
 
 
2.6 ijk  
  
 
2.2 kl 
 
 
2.9 hij  
 
 
Cowpea 
 
 
3.7 fg 
 
 
2.6 ijk  
  
 
2.1 kl 
 
 
2.5 ijkl  
 
 
Dolichos 
 
 
3.5 gh 
 
 
2.3 jkl  
  
 
        2.3 kl 
 
 
1.9 l  
 
LSD (0.05) 
 
          0.6 
    
 
CV % 
 
          9 
    
   Means in columns indicated by the same letter are not significantly different at p = 0.05   
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4.3.2.2 Final dry matter production of cover crops that grew beyond buckwheat 
Trends of the final biomass accumulated for forage sorghum, sunhemp, cowpea, 
and dolichos compared well with those observed at buckwheat kill except that the 
biomass levels were higher for all cover crops (Table 4.3) 
Table 4.3: Final dry matter production of cover crops that grew beyond 
buckwheat kill date in 2007/08 and 2008/09 seasons at Fort Hare Research Farm 
(UFH) and Msobombvu village (MSBV) 
 Fort Hare Research Farm   Msobombvu village  
 2007/08 2008/09  2007/08 2008/09 
 ---------t ha-1--------  ---------t ha-1-------- 
 
Forage sorghum 
 
12.9 a 
 
9.2 c 
  
10.3 b 
 
8.2 d  
 
 
Sunhemp 
 
 
4.5 f 
 
 
5.4 e  
  
 
3.3 h 
 
 
5.7 e  
 
 
Cowpea 
 
 
4.5 f 
 
 
4.6 f 
  
 
4.7 f 
 
 
3.2 h 
 
 
Dolichos 
 
 
4.7 f 
 
 
3.9 g  
  
 
3.5 h 
 
 
3.9 g  
 
LSD (0.05) 
 
           0.5 
    
 
CV % 
 
           5 
    
   Means in columns indicated by the same letter are not significantly different at p = 0.05   
 
4.3.2.3 Sunflower dry matter compared to other cover crop species in the 
2008/09 
Sunflower was screened in the 2008/09 season and hence is only compared for 
final biomass production against other cover crops during this season across 
sites.  
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The final biomass of sunflower of 9.7 t ha-1 at UFH and 9.4 t ha -1 at MSBV was 
significantly (p<0.05) higher than that of other cover crop species at both sites an 
shown in Table 4.4.  
Sorghum was significantly (p<0.05) the second highest producer of biomass at 
both sites whereas other species produced below 6 t ha-1 (Table 4.4).  
Table 4.4: Final dry matter production of sunflower compared to other cover 
crops that grew beyond buckwheat kill date in 2008/09 season 
 Fort Hare Research Farm          Msobombvu village  
     2008/09 
 ---------t ha-1--------  ---------t ha-1------ 
 
Forage sorghum 
 
9.2 b 
  
8.2 c 
 
 
Sunflower 
 
 
9.7 a 
  
 
9.4 b 
 
 
Cowpea 
 
 
4.6 e 
  
 
3.2 g 
 
 
Sunhemp 
 
 
5.4 d 
  
 
5.7 d 
 
 
Dolichos 
 
 
3.9 f 
  
 
3.9 f 
 
LSD (0.05) 
 
                     0.5 
  
 
CV % 
 
                     17 
  
    
   Means in columns indicated by the same letter are not significantly different at p = 0.05   
4.3.3 Cover crop dry matter accumulation  
Cover crop dry matter accumulation were compared using linear graphs instead 
of the sigmoid growth curve because of limited data ponts (Fig 4.2 & 4.3). Dry 
matter accumulation by buckwheat could not be shown because it had only two 
data points, compared to other cover crops which had three. At UFH, during the 
2007/08 season, forage sorghum showed the highest dry matter production 
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(slope of curve) followed by sunhemp, cowpea and dolichos, which were similar 
(Fig 4.2).  
 
 Fig. 4.2: Cover crop dry matter accumulation excluding buckwheat on-station 
(UFH) in 2007/08 season  
 
At MSBV, in 2007/08, the highest cover crop growth rate was achieved by forage 
sorghum (Fig. 4.3). Amongst the legume species, sunhemp was the fast grower 
followed by cowpea and dolichos (Fig. 4.3).  
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 Fig. 4.3: Cover crop dry matter accumulation excluding buckwheat on-farm 
(MSBV) in 2007/08 season  
 
In 2008/09 season at UFH, forage sorghum and sunflower showed the highest 
dry matter accumulation than cowpea, dolichos and sunhemp which showed 
comparable growth rates (Fig. 4.4).  
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Fig. 4.4: Cover crop dry matter accumulation excluding buckwheat  on-station 
(UFH) during the second season  
 
Forage sorghum and sunflower grew comparably faster than the legume species 
in 2008/09 season at MSBV (Fig. 4.5). However, unlike in the first season 
dolichos grew faster than sunhemp and cowpea which had comparable growth 
rates (Fig. 4.5). 
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 Fig. 4.5: Cover crop dry matter accumulation excluding buckwheat  on-farm 
(MSBV) during the second season  
 
4.3.4 Weed species number  
There were no significant (p>0.05) interactions or main effects involving season x 
site x cover crop species on final weed species number across sites and seasons 
at buckwheat kill time  and at kill time of other cover crops (Table 4.5).  
Results at buckwheat kill time are not shown since similar trends are shown in 
Table 4.5. 
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Table 4.5: Weed species counts at kill time of cover crops that grew beyond 
buckwheat kill date. 
 Fort Hare Research Farm   Msobombvu village  
 2007/08 2008/09  2007/08 2008/09 
 ---------number m-2--------  ---------number m-2-------- 
 
Forage sorghum 
 
2.5 
 
2.0 
  
1.7 
 
2.0 
 
 
Buckwheat 
 
 
2.0    
 
 
1.7 
  
 
2.4 
 
 
2.0 
 
 
Sunhemp 
 
 
2.3 
 
 
2.0  
  
 
2.0 
 
 
2.1 
 
 
Cowpea 
 
 
2.0 
 
 
2.0 
  
 
1.6 
 
 
2.0 
 
 
Dolichos 
 
 
            1.8 
 
 
1.8 
  
 
2.0 
 
 
1.6 
 
 
Weedy fallow 
 
 
2.0 
 
 
2.0 
  
 
2.0 
 
 
1.6 
 
Signifiance 
 
             Ns                                                      
    
 
CV % 
 
            17 
    
 
4.3.5 Weed dry matter (DM) 
There were no significant (p>0.05) three way and two way interactions involving 
season x site cover crop species  with respect to weed dry matter at buckwheat 
kill time (40 days after planting/DAP). Significant (p<0.05) differences on weed 
dry matter were only influenced by cover crop species (Table 4.6).  
Cover crop plots had significantly (p<0.05) lower weed biomass than the weedy 
fallow plots (Table 4.6). Buckwheat and cowpea plots had comparable weed 
biomass however, both cover crops showed greater weed suppression (90% and 
83% weed biomass reduction in relation to the fallow than sunhemp, dolichos 
and sunflower, which amongst themselves also showed comparable weed 
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suppression (Table 4.6). Sunhemp, dolichos and sunflower suppressed weed 
biomass by 70% - 75% in relation to the fallow treatment. 
Table 4.6: Weed dry matter at buckwheat kill time (40 DAP) combined across 
sites and seasons 
Treatment   Weed dry matter 
  ---------g m-2-------- 
 
Weedy fallow  
 
 
358 a 
 
Sunnhemp  
117 b 
 
Buckwheat 
 
39 c 
 
Dolichos  
 
115 b 
 
Cowpea 
 
65 c 
 
Forage sorghum 
98 b 
 
LSD (0.05) 
 
31 
 
CV % 
 
21 
    Means followed by the same letter are not significantly different at p = 0.05 
 
Significant (p<0.05) differences with respect to final weed dry matter production 
were influenced by growing season and treatments only (Table 4.7 & 4.8).  
However, the 2007/08 season had higher weed dry matter than the 2008/09 
season. Only the weed fallow had higher dry matter (40% - 48%) than the cover 
crop treatments.  
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Table 4.7: Effect of season on weed dry matter across sites (on-farm and on-
station) 
 2007/08 season  2008/09 season 
 
Dry matter t ha-1 
 
584 
  
490 
 
LSD (0.05) 
 
92 
  
 
Table 4.8: Effect of treatments on weed dry matter production across sites  
Treatment   Weed dry matter 
  ---------g m-2-------- 
 
Weed fallow  
 
 
883 a 
 
Sunnhemp  
530 b 
 
Buckwheat 
 
500 b 
 
Dolichos  
 
479 b 
 
Cowpea 
 
471 b 
 
Forage sorghum 
458 b 
 
LSD (0.05) 
 
92 
 
CV % 
 
21 
   Means followed by the same letter are not significantly different at p = 0.05 
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4.4 Discussion 
Cover crop biomass of 8 - 12 t ha -1 produced by forage sorghum and sunflower 
suggests that they are good candidates for generating high biomass. They also 
indicate that they are adapted to both on-station and on-farm conditions in water 
limited environments (Hoffman, 1999; Debaeke, 2004; Finney, 2005).  
Buckwheat a short duration cover crop reached its kill time 40 days after planting 
(DAP) which was about 40 days earlier than all the other cover crops. Within this 
period buckwheat and cowpea showed 83-90% weed suppression compared to 
other species which had lower suppression levels. This was attributed to their 
smothering canopy structure as indicated in other screening studies done in the 
USA under similar conditions as in EC (Kumar et al., 2008). Other cover crops also 
demonstrated desirable weed suppression when compared to the weed fallow. 
Similar results were observed by Ngouajio et al. (2003), owing to the vigorous 
growth of cover crops. Early weed suppression is important as it can alleviate 
weeding efforts normally done in maize systems and would be useful if these 
species can perform consistently in intercropping designs used for integrating cover 
crops with maize.   Final weed dry matter at kill time of other cover crops (late 
season) was variable between seasons. High weed biomass in 2007/08 compared 
to 2008/09 was influenced by high rainfall received in the first season, and a similar 
effect was observed on cover crops. This emphasizes the importance of rainfall on 
biomass production particularly for cover crops. Late season weed suppression was 
generally lower by at least 40% when compared to mid-season suppression.  
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Similar observations were made in screening trials by Fourie et al. (2001), which 
were done under rainfed conditions of the Western Cape Province of South Africa. 
In their study, they observed that amount of biomass was not necessarily the sole 
contributing factor to weed suppression. This observation was confirmed in this 
study, considering that the high biomass yielders (sorghum and sunflower), showed 
a similar degree of weed suppression as the low biomass yielders.  
Other competitive mechanisms involving resource acquisition and toxic exudates to 
suppress weeds during growth could have been influential (Ngouajio et al., 2003: 
Kumar et al., 2008). Weed resurgence might have occurred in buckwheat plots 
since buckwheat residues had decomposed and possibly mineralized nutrients 
enhanced weed proliferation resulting in similar weed pressure as in other plots 
which had living cover crop mulches. What was interesting is that, weed pressure 
(weed biomass) in buckwheat plots remained below that of the weed fallow even 
though the plots were now bare without residues by the time the other species 
reached their kill time. This could have suggested that, buckwheat also had some 
allelopathic action against weeds which lacked in other cover crop species.  
In this study, cover crop dry matter accumulation made it possible to make good 
comparisons between cover crop species. Forage sorghum was fast in 
accumulating biomass over time, followed by sunflower, sunhemp, cowpea and 
dolichos. However growth rate did not have a bearing on weed suppression as was 
expected. Canopy development and structure of cover crop species might have had 
profound effects on weed suppression though not tested in this study.   
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In the screening trial, weed species richness (count) was not affected by cover crop 
treatments at both sites and seasons. Dominant weed species were similar at both 
sites but some species differed. This suggested that weed suppressing mechanisms 
of cover crops were not selective when affecting weeds and this is in agreement 
with what was reported by Fourie et al. (2001).  
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4.5 Conclusions 
Forage sorghum and sunflower are high biomass producers and are therefore 
favorite candidates for purposes of generating biomass under rainfed conditions in 
EC. Forage sorghum, sunflower and sunnhemp are able to produce appreciable 
biomass levels at a faster rate than cowpea and dolichos. Buckwheat and cowpea 
are good candidates for early suppression of weeds especially during mid-season. 
All the cover crops can be selected for purposes of alleviating weed pressure as 
they all showed a similar and desirable degree of weed suppression under rainfed 
conditions. 
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5.0: EVALUATING COVER CROP RESIDUE PERSTENCE AND RESIDUAL 
EFFECTS ON MOISTURE CONSERVATION AND SOIL FERTILTY.  
Abstract 
Under rainfed conditions there are long fallow periods, therefore the persistence of 
mulch cover on the soil surface is one of the attributes which would make CA 
systems to work by conserving soil moisture and protecting the soil. Cover crop 
mulches can also offer important benefits of soil fertility improvement as they 
decompose during the off-season period if the C:N ratio is low. The study evaluated 
the persistence of cover crop residues that were mulched in the screening trial. It 
was also paramount to evaluate residual effects of summer cover crop residues on 
soil moisture conservation during fallow (winter and spring) and soil fertility prior to 
the establishment of a succeeding maize crop. This experiment was conducted on-
station at Fort the University of Hare Research Farm (UFH) (32°46' S and 26° 50' 
E). Four summer cover crops residues, cowpea, dolichos lablab, sunnhemp, and 
forage sorghum were evaluated for persistence using the litterbag method. The trial 
was a randomized complete block design replicated three times as in the original 
screening trial of cover crops. This experiment was established two weeks after 
killing of cover crops. One litter bag was collected from each plot at 30, 90, 150, 210 
days for laboratory analysis. These samples were measured for change in mass 
from the initial mass at placement. Correlation between change in residue mass and 
chemical composition of the residue samples was also determined to try and explain 
their decomposition.  
The decomposition of weeds in the weedy fallow plots was not investigated in this 
study. To assess soil moisture all treatments were evaluated including the weed 
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fallow plots. Access tubes (PVC) were installed in each plot covering a depth of 1.2 
m. Soil moisture was measured on a weekly basis using an FDR capacitance probe 
at 0-10, 10-30, 30-50, 50-70, 70-90 cm depths in all treatments. There was no 
residual moisture conservation due to low off-season rainfall. Only forage sorghum 
residues managed to persist to the next season due to their low decomposition 
rates.    
Keywords: Fallow, Forage sorghum (Sorghum bicolor), Litterbag, Mulch,  
Persistence , Moisture conservation, Residual, Weedy fallow 
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5.1 Introduction 
In the EC there are long fallow periods stretching from April to the beginning of 
spring, therefore the persistence of mulch cover on the soil surface is one of the 
attributes which would make CA systems to work by conserving soil moisture and 
protecting the soil. Surface persistence of cover crop residues is an important 
attribute which would make CA systems useful in EC if they can capture and 
conserve the limited rainfall to benefit the next season main crop. In most cases the 
cereal cover crop residues persist as surface mulch up to the next season 
compared to legumes which have highly degradable tissue qualities.  Residue 
persistence might be increased by cooler EC conditions during fallow as opposed to 
warm and wet regions like the Kwazulu Natal Province (KZN) and Zimbabwe where 
decomposition processes will be fast tracked (Nhamo et al., 2007; Fourie, 2007).  
In other studies conducted under similar condition it was shown that the chemical 
composition i.e. acid detergent lignin (ADL), acid detergent cellulose (ADC), crude 
protein (CP), acid detergent fiber (ADF), neutral detergent fiber (NDF),  tannins , 
total polyphenols, total C, N, and C:N ratios.  of cover crop residues influences their 
decomposition rates other than edhaphic and climatic conditions (Henriksen & 
Breland, 1999).  It was therefore necessary to investigate the relationship between 
mulch decomposition through litter loss and chemical properties of the mulch during 
winter and spring fallow period.  
The importance of cover crop residues on improving moisture conservation through 
increased infiltration and minimizing evaporative loss from the soil has been well 
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documented (Nyakatawa, 1991; Baumhardt, 1999). Moisture conservation by cover 
crop residues would be possible if winter and spring rainfall 180 mm on average 
(chapter 1) is sufficient to recharge the soil and remain preserved by persistent 
mulch. The preserved soil moisture can enhance the chances of good crop 
establishment due to improved soil moisture which is normally insufficient in rainfed 
cropping systems (Van Averberke & Marais, 1991; Baumhardt, 1999).  
In Texas the wheat residues increased soil water about 110 mm compared to 
continuous clean-tillage cotton system (Baumhardt, 1999).  On the other hand, next 
crop establishment can be adversely affected if there is no harvestable rainfall 
during fallow to recharge moisture which would have been depleted by cover crops 
during growth (Odhiambo & Bomke 2007). It was therefore important to evaluate the 
residual effects of cover crop residues on soil profile moisture dynamics during 
fallow.  
Whilst cover crop residues can possibly offer moisture benefits they also are 
important in recycling nutrients through decomposition and mineralization 
processes. Research has shown that legume species can improve fertility problems 
much they also have an added advantage of being able to fix and enhance soil 
nitrogen compared to non-legume species (Snapp et al., 2003; Li et al., 2009). 
Fertilizer needs for the next crop may be reduced (Jeranyama et al., 2007). For 
instance in Zimbabwe nitrogen needs were reduced by 0-64 kgha-1 when maize 
followed a groundnut crop. There was therefore need to investigate the residual 
effects of cover crop residues on soil fertility.  
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The objectives of this study were (i) to assess decomposition rates and persistence 
of cover crop residues (ii) to evaluate the effects of cover crop residues on soil 
moisture conservation. It was therefore, hypothesized that: (i) cover crop residues 
will persist to the next season  and also that (ii) cover crop residues can contribute 
to soil moisture conservation  
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5.2 Materials and methods 
5.2.1 Decomposition experiment 
The study was conducted at Fort Hare Research Farm using residues from 
screening trial (Chapter 4) over a four month period starting from the 6th of June up 
to the 6th of September 2008. The study started two weeks after killing of cover 
crops. Soil moisture was assessed in cover crop and fallow plot treatments over a 
ten month period starting from the 7th of June 2008 (two weeks after killing of cover 
crops/mulching) up to the 9th of February 2009 which corresponded to the early 
growth stage of the succeeding maize crop.  
 
5.2.2 Experimental design and treatments  
Decomposition rates of forage sorghum (Superdan), cowpea (Agrinawa), dolichos 
(Highworth) and sunhemp (Common) residues were evaluated using the litterbag 
method. Buckwheat was not included because its residues in the field had 
completely decomposed by the time the study started. Samples of cover crop 
residues were taken from each plot and were oven dried at 65ºC to constant mass 
(DM), cut into small pieces to produce a mixture of stalks and leaves. Each cover 
crop residue mixture was weighed into 20 g portions which were placed in nylon 
mesh (2 mm pore size) litter bags measuring 0.20 m x 0.20 m. Each treatment had 
a set of four litter bags which were replicated three times. The litter bags were 
placed randomly on the soil surface in each plot containing residues of each test 
cover crop. The decomposition of weeds in the weedy fallow plots was not 
investigated in this study.  
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The original randomized complete block design used in the screening trial was 
maintained.  Soil moisture was measured in all the treatments of the screening trial.  
 
5.2.3 Experimental procedure  
5.2.3.1 Decomposition in litter bags 
One litter bag was collected from each plot at 30, 90, 150 and 210 days after 
placement and were transported in plastic bags to the laboratory. The samples were 
air dried and brushed to remove soil and debris followed by oven drying at 65ºC to 
constant mass (DM). These samples were measured for change in mass from the 
initial mass at placement. The samples were ground using a hammer mill to pass 
through 1mm sieve and 1.0 g samples were then analyzed for total C using loss by 
ignition method in a muffle furnace (550 ºC) and total N by colorimetric method 
(Okalebo, 2002).  
The chemical composition of the residues at placement and at each extraction time 
was determined at Döhne Agricultural Development Institute in Stutterheim. The 
chemical analysis included: acid detergent lignin (ADL%), acid detergent cellulose 
(ADC%), crude protein (CP%), acid detergent fiber (ADF%), neutral detergent fiber 
(NDF%),  condensed tannin %, total polyphenols (catechin equivalents%), total C, 
and N,.  
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A negative exponential decay model was used to calculate the decomposition rate 
constants with respect to the remaining biomass as follows, 
                 y = y0ekt . Where:   
               y   = initial mass or tissue property at placement time,  
y0 = was the measured mass or property at time t and  
 k = decomposition rate constant following Nhamo et al., (2007). 
5.2.3.2 Soil moisture  
Access tubes (PVC) were installed in each plot covering a depth of 1.2 m. Soil 
moisture was measured on a weekly basis using an FDR capacitance probe at 0-
10, 10-30, 30-50, 50-70, and 70-90 cm depths in all treatments.  
5.2.4 Statistical analysis 
Data on change in ash free dry mass at each extraction or sampling period, was 
subjected to analysis of variance (ANOVA) and means were separated by Fisher’s 
Protected LSD at 5% significance level using Genstat Statistical package.   
Correlations and linear regression relationships between ash free mass and acid 
detergent cellulose (ADC%), crude protein (CP%), acid detergent fiber (ADF%), 
neutral detergent fiber (NDF%),  condensed tannin %, total polyphenols (catechin 
equivalents%), total C, N, and C:N ratios were determined. 
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Moisture measurements recorded by the probe were transformed using the 
following equation,  
q = 0.0124x + -0.4520  
Where q is the volumetric soil water content, and x the probe reading (Steyn, 2005). 
Once converted the volumetric water readings from all plots were subjected to 
(ANOVA) and means separation using Fisher’s Protected LSD at 5% significance 
level using Genstat Statistical package. Graphs of volumetric water content over 
time were plotted to illustrate effects of treatments on soil moisture dynamics. 
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5.3 Results    
5.3.1 Decomposition of cover crop residues 
Only forage sorghum mulch managed to persist up to the beginning of the following 
season. Forage sorghum residues degraded much slower compared to other cover 
crop residues as indicated by the decline in dry matter (Fig. 4.6). Cowpea, dolichos 
and sunnhemp showed a similar decrease in dry matter over time. The litter bag 
study misrepresented decomposition processes on the field since there was about 
60% of remaining dry matter in litter bags yet on the ground, most of the cover crops 
residues had disappeared except for sorghum. 
 
   
Fig. 5.1: Decomposition of cover crop residues after kill time 
 
 
Cowpea showed the highest decomposition rate than any other legume or cereal 
species as shown by the decomposition constant (k) in Table 5.1. Dolichos 
decomposed comparably to both sunnhemp and forage sorghum however 
sunnhemp decomposed much faster than forage sorghum (Table 5.1). 
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Table 5.1: Monthly decomposition rate constant ( k ) for legume and cereal 
species 
Means followed by the same letter are not significantly different p= 0.05 
 
5.3.2 Correlation between the remaining cover crop dry matter and 
chemical properties of the residues  
Results show that remaining percent dry matter was highly correlated with C:N, 
NDF, ADF, cellulose, tannins and polyphenols (Table 5.2).  
 
Table 5.2: Correlation coefficients between remaining cover crop dry matter and 
selected chemical properties of cover crop residues on-station 
Residue C:N NDF% ADF% Cellulose  
% 
Tannins Polyphenols 
Cowpea 0.98 0.92 0.95 0.97 0.94 0.85 
Dolichos 0.95 0.98 0.99 0.97 0.92 0.98 
Sunnhemp 0.94 0.82 0.83 0.94 0.81 0.99 
Forage sorghum 0.87 0.74 0.72 0.86 0.86 0.98 
 ‘ 
 
5.3.3 Fallow moisture dynamics  
Significant (p<0.05) differences in moisture between cover crop species and the 
fallow treatment were only observed in 30 cm and 70 cm depths. Cowpea was 
similar to the control at 70 cm depth but much lower at the 30 cm depth (Fig. 5.2). 
Sorghum and sunhemp treatments had lower moisture at both depths throughout 
the study period. Buckwheat and dolichos treatments had intermediate levels of 
moisture when compared to the control and cowpea on one hand and sorghum 
Residue K Biomass 
Cowpea 0.00569 a 
Dolichos   0.00412 bc 
Sunnhemp 0.00425 b 
Forage sorghum 0.00302 c 
LSD (0.05)  0.00122 ** 
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and sunnhemp on the other (Fig. 5.2).  In the 30 m soil depth plots that had 
dolichos and cowpea mulch experienced an early rapid moisture drop towards 
the end of August. For sunnhemp a rapid moisture drop followed in early 
September whilst in sorghum plots it occurred in early October. Almost a similar 
trend was observed in the 70 m soil depth. During fallow 150 mm of rainfall fell 
and it gave an indication of a rainfall amount that could be expected 1 in 6 years. 
Under normal circumstances, 1in 2 years, more than 250 mm of rain can be 
expected and this amount is more than half the total annual rainfall received in 
Alice.  
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Fig. 5.2: Volumetric soil moisture in treatments during fallow up to early growth of 
succeeding maize crop. 
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5.4 Discussion 
The litter bag study failed to represent the actual decomposition process when 
litter loss in litter bags did not match loss of free litter on the soil surface. After 
four months of the study period (June-September), the last samples were 
extracted from each plot and the litter bags contained residues whilst all the free 
residues on soil surface in the experimental plots had disappeared due to 
decomposition except for sorghum. In other litter bag studies (Nhamo et al., 2007 
Valenzuela-Solano & Crohn, 2006), this scenario has not been reported however, 
this was attributed to lack contact between residues in the bags and the soil 
interface such that the macro and micro- fauna (decomposers) might have failed 
to have similar access and action on residues as was the case with free litter  
Though the litter bag study showed this discrepancy, it however managed to 
show decomposition rates of different mulches allowing assessments on 
persistence to be made. Forage sorghum demonstrated that it can persist to the 
next season owing to its slow decomposition rate than other species and this in 
agreement with a study conducted in Zimbabwe by Nhamo et al. (2007).   This 
can be attributed to the tissue quality of sorghum which contains large amounts 
of lignin and hemicelluloses and a high C:N  ratio between 53 and 68  than other 
species as noted by McKinnery et al. (2003). This makes it difficult to degrade by 
micro-organisms which drive decomposition as they need material with low C:N 
ratio which is less than 30 such as that for legume species(Valenzuela-Solano & 
Crohn, 2006). The legume species such as cowpea, dolichos, and sunnhemp 
were reported to have C:N ratios of 10.3, 19.3, and 25.6 respectively (Jude et al. 
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2010). However, due to the delay in planting of the next crop in January (which is 
the farmers’s practice) instead of November when the heavy rains begin (Chapter 
3), the decomposition of sorghum residues was accelerated and soil cover was 
very low by the time the next crop was established.  
Perhaps farmers should plant with the first planting opportunity offered by onset 
of rains rather than delaying so that benefits of maintained cover can be realized 
much earlier as indicated by Debaeke & Aboudrare, (2004). Generally cover crop 
residues failed to show a moisture conservation benefit. This was attributed to 
unavailability of harvestable rainfall during fallow to replenish and increase 
moisture which had been used for growth by cover crops. Owing to their vigorous 
root systems, sorghum and sunnhemp had low levels of soil moisture than any 
other treatment during the early stages of the fallow period.  
Sorghum persisted longer hence we expected moisture levels to be higher under 
sorghum residues. However this was not the case since there was no moisture 
preservation to benefit the next crop. This suggests that fallow rainfall may have 
not been sufficient in Alice since the amounts received in this study can be 
expected almost every year as indicated in chapter 1. In addition the residues 
may have lost conserving properties as they decomposed resulting in increased 
moisture depletion by weeds and evaporation as observed in a study by 
Erenstein (2003), and Tolk et al. (1999). Based on the rainfall analysis, the 
chances of occurrence of such a season which produced the test mulch is rare,1 
in five years, as indicated in chapter 1. Perhaps better biomass levels, which can 
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persist longer to retain soil moisture, can be achieved in normal seasons that are 
common to Alice.    
 
5.6 Conclusions 
Forage sorghum managed to persist to the next season but the mulch was 
patchy and insufficient to suppress weeds and conserve moisture for the next 
crop. Legume species failed to persist to the next season. There were no residual 
moisture conservation benefits by the cover crops. This was due to a low fallow 
rainfall, quick deterioration of cover crop residues over the long resulting in soil 
moisture depletion by weeds and evaporation.   
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6.0: THE RESIDUAL EFFECTS OF SUMMER COVER CROPS ON  
SUCCEEDING MAIZE BIOMASS, SPAD N, GRIAN YIELD AND WEEDS 
 
Abstract 
In conservation agriculture (CA) systems where cover crops are grown in 
rotations with main crops, yields of the succeeding main crops have been shown 
to improve. The objective of this study was to evaluate the residual effects of 
cover crops on weed suppression during growth of the succeeding maize crop. 
Residual effects on maize biomass, leaf chlorophyll nitrogen (SPAD N) and grain 
yield were also investigated under rain-fed conditions. This trial was conducted 
on-station at Fort Hare Research Farm (UFH) (32°46' S and 26° 50' E). The 
residual effects of cover crops were assessed in the same plots used to screen 
cover crops hence the same treatments and design were maintained. Maize Zea 
mays var DKC 65-21was planted in each plot including the weedy fallow. 
Rotation of cover crops with maize had no effect weeds, and the succeeding 
maize crop. Delayed planting might have resulted in leaching of residual nutrients 
hence masking the residual effects on the succeeding crop.  
 
Keywords: Conservation agriculture, Maize biomass, SPAD N, Weeds 
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6.1 Introduction 
Rotations are not commonly practiced in maize based cropping systems in the 
central EC. Cover crops are a new technology currently being evaluated as part 
and parcel of promoting CA. If cover crops are to be included in rotation with 
maize then benefits must offset the sacrifice of a season of maize production. 
Systems with cover crops have been shown to improve yields of the main crop 
and perhaps could be attractive if they prove to work in the EC.  
Maize/legume rotations are mostly desirable as they allow efficient use of 
resources as well as complementarities which result in improved yields of the 
next crop if it succeeds a legume (Hively & William, 2001; Jeranyama, 2007). 
Though cereal /legume systems existed in this study, a cereal/cereal rotation 
where maize followed sorghum was present and there was interest to know how 
that system would perform in comparison to maze/legume systems. None the 
less, legume cover crops were expected to spare nutrient N to benefit the main 
crop as reported in other studies (Obiagwu & Agbede, 1996; Jeranyama, 2007).  
Whilst the cereal would also provide prolonged soil cover, other associated 
benefits include weed suppression, (Nyakatawa, 1997; Arim, et al., 2006). 
Assessment of benefits from cover crop residues to maize can be done by 
measuring maize biomass production and grain yield . Leaf SPAD N can also be 
assessed at the 6 weeks growth stage (top dressing stage) of maize to test 
whether cover crops provided adequate nutrients to the maize crop (Varvel, 
1997; Jeranyama, et al., 2000; Mudita et al., 2008).  
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It was therefore important to evaluate weed dynamics during growth of the 
succeeding maize crop as they can affect yield of the main crop.  
This study was conducted to, (ii) determine the residual effects of cover crops on 
the succeeding maize biomass, SPAD N, grain yield and weed dynamics. It was 
hypothesized that there are no residual effects of cover crops on the succeeding 
maize biomass, SPAD N, grain yield, weed counts and biomass. 
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6.2 Materials and methods 
6.2.1 Experimental site, design and treatments 
The study was conducted at Fort Hare Research Farm in the 2008/09 season by 
establishing maize in plots that were used for the screening trial described in 
Chapter 4 and conducted in the 2007/08 season. The treatments were the residual 
effects of five cover crop species; forage sorghum .var Superdan, buckwheat var 
Bird seed, cowpea var Agrinawa, dolichos var Highworth and sunnhemp var 
Common plus a weed fallow. The original randomized complete design of the 
screening trial conducted in 2007/08 season was maintained 
6.2.2 Experimental procedure 
The test maize variety was DKC 61-25 a short season variety used for dry areas 
was the succeeding main crop in each plot. The variety was planted using a single 
seed per station on the 1st of January 2008, an inter  and intra-row spacing  of 0.9 m 
and 0.6 m was used respectively to achieve a plant population of 18519 plants per 
hectare.  
6.2.3 Fertilizer and weed management 
Basal compound fertilizer 2:3:4 (30) was band placed near maize planting stations 
at a rate of 500 kg ha-1 to supply 30 kg ha-1 N, 50 kg ha-1 P and 66 kg ha-1 K (Van 
Averbeke & Marais, 1991). A single hand hoe weeding was carried out after the first 
sampling of weeds.  
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6.2.4 SPAD N for the succeeding main crop  
Leaf chlorophyll nitrogen measured as SPAD N give an indirect measure of whether 
the present crop is getting adequate N supply from the soil. The SPAD N 
measurements would assess residual N effects on the follow up crop. SPAN values 
were recorded only once in 2008/09 season on the succeeding maize crop. 
Measurements were recorded at 45 days after planting (DAP) using a Minolta SPAD 
chlorophyll meter. In each plot, three plants were randomly selected to measure 
average SPAD N. On each plant, readings were taken from mid-section between 
the stalk and the tip of the third leaf near the upper most leaf (Scharf, Brouder & 
Hoeft, 2006). The SPAD N readings were used to assess in-season N levels based 
on a sufficiency index for nitrogen requirements following Varvel, (1997):  
 
Sufficiency index  =                   SPAD N reading of the treatment  plot      
 
 ×   100% 
    
     SPAD N reading of the control plots 
 
 
 
In- season nitrogen deficiency was identified when the sufficiency index was 
below 95%. 
6.2.5 Weed counts and biomass 
Weed counts and biomass samples were taken from two quadrants covering a total 
area of 0.245 m² at 42 DAP and at the time the maize was harvested. The weed 
samples were oven dried at 65ºC to constant mass and dry matter DM was 
determined. 
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6.2.6 Maize biomass and grain yield 
At maturity, final maize biomass was destructively sampled from a 6.5 m 2 net plot. 
The maize plant samples were oven dried at 65ºC to constant mass for dry matter 
DM determination. Grain yield was also measured from the same net plot area as 
final biomass. Maize cobs were harvested shelled to measure mass of grain, cobs 
and grain moisture content at harvest. Mass of grain was recorded at 12.5% 
moisture level.  
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6.3 Results 
6.3.1 Residual effects on weed counts and dry matter   
There were no significant (p<0.05) differences residual effects of cover crop 
residues observed with respect to weed species number and weed dry matter at 
42 days after planting (DAP) and at the time when maize was harvested as 
shown in Tables 6.1 and 6.2. 
Table 6.1: Weed dry matter counts in response to residual effects of cover crop 
residues and the weed fallow system at 42 DAP 
Residue treatment Weed dry matter g m-2 Weed species number m-2 
Cowpea 102 1.8 
Dolichos 85 1.8 
Sunnhemp 86 1.9 
Buckwheat 58 1.7 
Forage sorghum 74 1.8 
No-cover crop 83 1.9 
Significance 
CV % 
  Ns 
23 
  Ns 
                    12.3 
 
Table 6.2: Weed dry matter counts in response to residual effects of cover crop 
residues and the weed fallow system at maize harvesting 
Residue treatment Weed dry matter g m-2 Weed species number m-2 
Cowpea 310 1.8 
Dolichos 360 1.8 
Sunnhemp 450 1.9 
Buckwheat 380 2.0 
Forage sorghum 320 1.8 
No-cover crop 410 1.9 
Significance 
CV % 
                      Ns 
25.5 
Ns 
9.0 
 
Ns = Not significant, CV = Coefficient of variation 
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6.3.2 Residual effects on maize SPAD N 
There were no significant (p>0.05) differences observed with regard to SPAD N 
at 45 DAP (Table 6.3). The SPAD N values were above the critical level for 
nitrogen requirements.  
 
Table 6.3: Maize SPAD N in response to residual effects of cover crop residues 
and the weed fallow system at 45 DAP 
Residue treatment Maize SAPD N 
Cowpea 56 
Dolichos 52 
Sunnhemp 57 
Buckwheat 60 
Forage sorghum 59 
No-cover crop 67 
Significance 
CV % 
 Ns 
13.6 
Ns = Not significant, CV =  Coefficient of variation 
6.3.3 Residual effects on maize dry matter 
There were no significant (p>0.05) differences observed with regard to maize dry 
matter production (Table 6.4) 
 
Table 6.4: Maize dry matter yield in response to residual effects of cover crop 
residues and the weed fallow system 
Residue treatment Maize dry matter yield t ha-1 
Cowpea 4.3 
Dolichos 4.1 
Sunnhemp 4.2 
Buckwheat 4.1 
Forage sorghum 4.3 
No-cover crop 3.8 
Significance 
CV %                                                                                     
Ns    
                     6.9    
Ns = Not significant, CV = Coefficient of variation 
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6.3.4 Maize grain yield 
Maize grain yield from cover crop residue plots did not differ significantly (p>0.05) 
when compared with yield in the weed fallow (no-cover crop) treatment. In this 
study maize achieved an average grain yield of 3.5 t ha-1 (Table 6.5) 
 
Table 6.5: Maize grain yield in response to residual effects of cover crop residues  
Residue treatment Maize grain yield t ha-1 
Cowpea 3.7 
Dolichos 3.3 
Sunnhemp 3.7 
Buckwheat 3.8 
Forage sorghum 3.6 
No-cover crop (weed fallow) 3.2 
Significance 
CV % 
Ns 
16.2 
NS = Not significant, CV = Coefficient of variation 
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6.4 Discussion  
Rotations of cereal and broad leaf cover crops with maize did not affect weed 
biomass and species distribution at 42 days after planting when the first critical 
weeding is required in maize systems, and also at maize harvesting stage. This 
was not surprising considering that fallow period became much longer due to 
delayed planting. Hence, there were possibilities of nutrient leaching by onset 
rainfall whereby between 94-112 mm of rain had fallen after onset of rains. This 
emphasizes the importance of timeliness and good management of CA systems 
as reported by Twomlow et al., (2008). Perhaps if the following maize crop is 
planted early it would be possible to identify possible effects on weeds as 
suggested in other studies that a transition to CA may cause some biological 
changes to the systems including weed emergence patterns (Den Hollander et 
al., 2007).  
The SPAD N was measured for diagnostic purposes where the leaf N content 
gives an indication of whether the maize crop is not deprived of N. This made it 
possible to investigate the performance of legume or broad leaf/maize rotations, 
cereal/cereal and weed fallow/ maize rotations with respect to leaf N content. 
However, since the SPAD N was similar across treatments it suggested delayed 
planting might have resulted in leaching of N resulting in N deficiency in all 
treatments. Delayed planting and nutrient leaching may also have caused maize 
biomass and grain yield not to differ across treatments. Though grain yields did 
not differ across treatments, the yields were comparable to those expected under 
rainfed conditions of the EC as reported by Van Averbeke & Marais (1991).   
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6.5 Conclusions  
Rotations of cover crops with maize had no effect on weed counts and dry matter 
during growth of the succeeding maize. Cover crop rotations with maize had no 
effect on maize dry matter, SPAD N and grain yield.  
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7.0: EXPLORING COVER CROP MANAGEMENT OPTIONS FOR 
BUCKWHEAT AND EFFECTS ON WEED DYNAMICS, YIELD COMPONENTS 
AND GRAIN YIELD OF A SUCCEEDING MAIZE AND DRY BEAN CROP.  
 
Abstract 
Buckwheat (Fagopyrum esculentum), a short cycle broadleaf cover crop, 
demonstrated better weed suppressing abilities in the screening trial compared to 
other cover crops and therefore was selected for further studies. The effects of 
buckwheat on weed suppression and yield dynamics of a succeeding main crop 
was studied on-station at Fort Hare Research Farm (UFH) (32°46' S and 26° 50' 
E) and on-farm at Msobombvu village (MSBV) (32°44' S, and 26° 55' E), in 
2008/09 season.  This study was also aimed at conducting a cost and benefit 
analysis of using buckwheat in weed management strategies. The trial was laid 
as a 2 x 2 factorial arranged in a randomized complete block design (RCBD) plus 
a weed fallow. The first factor was killing method of buckwheat (Bird seed) at two 
levels; cutting buckwheat using a hedge cutter and rolling combined plus 
glyphosate (4 L ha-1) application. The second factor was planting position of a 
succeeding main crop at two levels; planting between buckwheat rows, and 
planting on buckwheat rows. Weeds were not affected when maize (Zea mays) 
succeeded buckwheat. This suggests that residual effects of buckwheat 
management may not be effective in suppressing weeds in a succeeding maize 
crop. Maize biomass production and grain yield were not affected by 
management strategy. Only maize SPAD N was significantly (p<0.05), lower in 
buckwheat plots compared to the weed fallow control. This probably indicated 
that the presence of buckwheat interfered with N uptake. Dry matter production 
by dry bean  was also affected. Results also suggest that dry bean biomass can 
be enhanced when rolling plus glyphosate is used to kill buckwheat followed by 
dry bean seeded on rows of buckwheat residues. The cost benefit analysis 
showed that the tested buckwheat management strategies were non-profitable. 
The returns per R100 rand invested were low. It was therefore concluded that 
these systems would probably not be attractive to the recommendation domain 
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based on none profitability and lack of a convincing weed control by buckwheat 
residues.   
 
Key words: Buckwheat, succeeding main crop, rain-fed, weed management  
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7.1 Introduction  
Early summer weeds affect maize yield in the EC, and small-scale farmers 
normally battle to control the weeds (Fanadzo, 2007).  Fitting short duration 
smother cover crops like buckwheat (Fagopyrum esculentum Moench) into 
existing maize based smallholder cropping systems may offer weed management 
opportunities, which have not been well researched. Buckwheat’s short life 
duration may afford the possibility of growing it at the beginning of the season to 
smother summer weeds before establishing the main maize crop since it 
flowered at 40 days after planting in Chapter 4. Buckwheat has also 
demonstrated ability to suppress a number of weed species either as living mulch 
or as dead mulch (Chapter 4). Such weeds include Cyperus esculentus, 
Amaranthus powellii, Capsella bursa pastoris and Anthemis arvensis (Kumar et 
al., 2008).   
Moreover allelopathic properties associated with the cover crop’s residues might 
also have a residual weed action to help reduce in season weeding provided the 
main crop is not affected (Kumar et al., 2008). There is however no literature 
which suggests that buckwheat has inhibitory action against maize. However, in 
Poland, its mulch was shown to affect mustard seedlings (Gawronska & 
Gawronska, 2008). Release, persistence, and distribution of allelochemicals in 
the soil are important determinants of weed control efficacy and can be 
influenced by cover crop residue management (Krudhof & Bastiaans, 2008). It 
was therefore important to assess whether buckwheat has inhibitory actions 
against the main crop by manipulating planting position of the main crop in 
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relation to buckwheat residues. Such strategies involve planting the succeeding 
maize crop into previous rows of buckwheat or planting between rows of 
buckwheat residues. This could provide insight into buckwheat’s residual effects 
on the main crop (Kalinova et al., 2004). The method of killing buckwheat prior to 
main crop establishment is of economic importance and it normally involves 
rolling followed by herbicide application (Eswaran et al., 1999). Herbicide 
technology has generally been found to be a challenge faced by many small 
scale farmers in the central EC. Some farmers cannot afford to buy herbicides 
whilst most of those who buy after being advised by researchers lack the 
knowhow of using the herbicides (Jourbet, 2000; Fanadzo, 2007).  
Equipment for mulching buckwheat and other cover crops normally costs above 
the economic means of small-scale farmers. Cheap and user-friendly mechanical 
equipment like hedge cutters or machetes need to be tried as possible options for 
buckwheat management. The financial implications of buckwheat management 
strategies also need to be clarified as they would reveal the viability of such 
systems in EC.  
A study was therefore carried out to: (i) determine the effect of buckwheat killing 
method and planting strategies of the succeeding main crop on weed counts, 
weed dry matter, main crop dry matter, SPAD N and grain yield to (ii) determine 
the profitability of buckwheat /maize relay systems. It was hypothesized that (i) 
buckwheat killing method and planting strategies of the succeeding maize or dry 
bean crop have no effects on weed growth and crop yields, (ii) buckwheat/main 
crop systems are not profitable   
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7.2 Materials and methods 
Field experiments were conducted under rainfed conditions at Fort Hare 
Research Farm (UFH) and Msobombvu (MSBV) village in the 2008/09 season. 
Details about the sites are reported in chapter 3. 
7.2.1 Treatments and design 
The trial was laid as a 2 x 2 factorial plus weed fallow plots as control plots 
arranged in a randomized complete block design (RCBD). The first factor was 
killing method of buckwheat at two levels this included (a) cutting buckwheat 
using a hedge cutter whilst spreading the residues along the rows and rolling 
(using a tractor drawn roller) plus glyphosate (4 L ha-1) application. The second 
factor was planting position of a succeeding crop in the buckwheat plots at two 
levels, the levels included planting maize or dry bean between buckwheat rows 
and (b) planting maize or dry bean on buckwheat rows. At Msobombvu site dry 
bean was planted as a succeeding crop instead of maize due to delayed onset of 
rainfall at the site. This reduced the season for maize which requires a longer 
season. 
 
7.2.2 Agronomic management  
Buckwheat was drilled at 50 kg ha-1 in rows 45 cm apart in plots measuring 6 m x 
5 m on the 10th of December 2008. Cover crop growth was terminated after 50% 
bloom on the 24th of January 2009 at UFH and 31st January 2009 at MSBV. A 
short season maize variety DKC 61-25 was planted at UFH all plots on the 26th of 
January 2009. An intra-row spacing of 0.60 m was used to reach a plant density 
109 
 
of 37 037 plants ha-1. Dry bean, sugar bean variety was planted on the 9th of 
February at MSBV.  An intra-row spacing of 0.2 m was used to reach a plant 
density of 111 111 plants ha-1.  
7.2.3 Fertilizer and weed management 
Basal compound fertilizer 2:3:4 (30) was band placed near maize stations at  a 
rate of 500 kg ha-1 to supply 30 kg ha-1 N, 50 kg ha-1 P and 66 kg ha-1 K (Van 
Averbeke & Marais, 1991). For dry bean, basal compound fertilizer 2:3:4 (30) 
was band placed near bean stations at  a rate of 250 kg ha-1 to supply 15 kg ha-1 
N, 25 kg ha-1 P and 33 kg ha-1 K (Van Averbeke & Marais, 1991). A single hand 
hoe weeding was carried out between 30 and 45 days after planting maize and 
dry bean.  
7.2.4 Maize biomass and grain yield 
Final maize biomass was destructively sampled from a 6.5 m -2 net plot area at 
harvest time. The maize plant samples were oven dried at 65ºC to constant mass 
for dry matter DM determination. Maize cobs were harvested from the same net 
plot area as final biomass, shelled to measure mass of grain, cobs and grain 
moisture content at harvest. Mass of grain was recorded at 12.5% moisture level.  
7.2.5 Dry bean biomass 
Dry bean biomass samples were taken at MSBV from two quadrants covering a 
total area of 0.245 m² at 35 DAP. The samples were oven dried at 65ºC to 
constant mass for dry matter DM determination. 
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7.2.6 SPAD N for the succeeding main crop  
SPAD N values were measured only once in 2008/09 season on the succeeding 
maize and dry bean at UFH and MSBV site respectively. Measurements were 
recorded at 45 days after planting (DAP) using a Minolta SPAD chlorophyll 
meter. In each plot, three plants per were randomly selected to measure average 
SPAD N. On each plant, readings were taken from mid-section between the stalk 
and the tip of the third leaf near the upper most leaf (Scharf, Brouder & Hoeft, 
2006).  
The SPAD N readings were used assess in-season N levels based on a 
sufficiency index following Varvel, (1997):  
 
 
Sufficiency index  =                   SPAD N reading of the treatment  plot      
 
 ×   100% 
    
     SPAD N reading of the control plots 
 
 
 
In- season nitrogen deficiency was identified when the sufficiency index was ˂ 
95% 
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7.2.7 Weed counts and biomass 
Weed counts and biomass samples were taken at both sites from two quadrants 
covering a total area of 0.245 m² at 42 DAP and at maize harvesting time. The 
weed samples were oven dried at 65ºC to constant mass for dry matter (DM) 
determination.  
 
7.2.8 Statistical analysis 
An across site analysis of variance (ANOVA) was conducted for buckwheat dry 
matter production using Genstat statistical package and means were separated 
using Fisher’s Protected LSD at 5% significance level. ANOVA was also 
conducted for weed species number, weed dry matter, maize dry matter, maize 
grain yield, dry bean dry matter, separately for each site. Partial budgets were 
calculated for each treatment which performed comparably or better than the 
weed fallow plots with respect to maize grain yield. Gross income, gross 
investment and net income, were calculated for computing the return on 
investement following Akhtar et al., (2000) 
Return on investement   =         Gross income 
                                              --------------------------            ×       100% 
                                                 Gross investment 
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7.3 Results 
 
7.3.1 Rainfall received on-station and on-farm 
In 2008/09 season, the UFH site received 318 mm. MSBV site received a total of 
367 mm. These rainfall amounts were generally below the long term average 
(Fig. 7.1) 
 
 
Fig. 7.1: Monthly rainfall at Fort Hare Research farm (UFH) and Msobombvu 
village (MSBV) in relation to the long term average (AVE). 
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7.3.2 Final buckwheat dry matter production 
At MSBV, buckwheat produced a higher dry mater yield of 4.5 t ha-1 compared to 
UFH site where it produced 2.5 t ha-1.  
 
 
 
 Fig. 7.2: Buckwheat dry matter production at Fort Hare Research Farm (UFH) 
and Msobombvu (MSBV) prior to establishment of a succeeding main crop. 
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7.3.3 Weed suppression prior to establishment of the main crop 
There was a significant interaction between cropping system and site with 
respect to final weed dry matter at 35 DAP (Fig. 7.3). Buckwheat significantly 
(p<0.05) suppressed weed biomass by 45% and 66% at UFH and MSBV, 
respectively, compared to weed fallow (weedy plots) (Fig. 7.3).There were no 
significant differences between UFH and MSBV with regard to weed dry matter in 
bu in buckwheat plots and weedy 
 
 Fig. 7.3: Effect of management x site on weed dry matter production at 
buckwheat kill date (35 DAP), prior to main crop establishment. 
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7.3.4 Effects of buckwheat killing method and strategies of planting a 
succeeding maize On-station 
7.3.4.1 Weeds in the succeeding maize crop 
Weeds were not affected significantly (p>0.05) by buckwheat management 
strategies during growth of a succeeding maize (Fig. 7.4). No significant (p>0.05) 
interactions or main effects were observed with respect to weed species count. 
Dominant weeds at the site included Cyperus esculentus (40%), Amaranthus spp 
(30%), Datura stramonia (15%)  and other (15%)  
 
 Fig. 7.4: Weed dry matter production at 40 DAP in response to management 
strategies of buckwheat 
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7.3.4.2 Maize dry matter 
There were no significant (p < 0.05) differences among buckwheat management 
strategies with respect to final maize dry matter production (Fig. 7.5).  
 
 Fig. 7.5: Maize growth rate in response to management strategies at UFH 
station 
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7.3.4.3 Maize SPAD N 
Weed fallow plots showed a significantly (p<0.01) higher SPAD N compared to 
those that had buckwheat (Fig. 5.6).  
 
 Fig. 7.6: Maize SPAD N at 45 DAP in response to agronomic management  
 strategies at UFH site.  
 
7.3.4.4 Maize grain yield  
There were no significant (p>0.05) differences with regard to maize grain yield 
due to management (Table 7.1).  
Table 7.1: Effect of different management strategies on maize grain yield  
Management strategy Maize grain yield kg ha-1 
Rolling x between row planting of maize 2177 
Cutting x on row planting of maize 2456 
Cutting x between row planting of maize 2602 
Rolling x on row planting of maize 2317 
Weed fallow control 2420 
LSD (0.05)    696 ns 
LSD = Least significant difference, ns = not significant 
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7.3.4.5 Profitability of management strategies with respect to maize grain yield 
Generally all the cropping systems proved to be unprofitable when partial 
budgets for the weed fallow and the buckwheat-maize system were calculated 
(Table 7.2). Gross income was generally below the total variable costs resulting 
in negative returns per R100 invested in all cropping systems with different 
management strategies. Capital injection was demanded by variable costs such 
as fertilizers, cover crop seed, cover crop planting and its management (killing) 
prior to establishment of the succeeding main crop (Table 7.2) 
Table 7.2: Profitability of cropping systems as indicated by the returns per R100 
invested 
                                     Cropping system 
  
Sole maize 
following weed 
fallow 
 
Buckwheat killed by 
rolling plus glyphosate 
(4 L ha-1) followed by 
maize planting 
 
 
Buckwheat managed by 
cutting followed by maize 
planting  
Gross income 
(maize grain  sales)  
R /ha 
 
5376 
 
5376 
 
5376 
Gross investment  
R/ha 
 
7002 
 
7999 
 
7959 
 
Net benefit R/ha 
 
-1626 
 
-2623 
 
-2583 
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7.3.5 Effects of buckwheat killing method and strategies of planting a 
succeeding dry bean crop On-farm 
7.3.5.1 Weeds in the succeeding bean crop 
There were significant differences with respect to weed dry matter (p<0.05) 
across treatments during mid-season (40 days after planting) of a succeeding dry 
bean (Fig. 7.7). Killing buckwheat by rolling + herbicide followed by seeding dry 
bean between buckwheat residues achieved a 49% weed biomass suppression 
compared to plots that had no buckwheat (Fig. 7.7). Killing by rolling + herbicide 
followed by dry bean seeded on rows of buckwheat residues reduced weed 
biomass by 21% compared to plots that had no buckwheat (Fig 7.7). Weed 
species were however not affected at this site.  
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Fig. 7.7: Weed dry matter production at 40 DAP in response to management 
strategies. Bars with the same letter are not significantly different at p= 0.05 
 
There were no significant differences (p<0.05) with respect to weed species 
counts. Dominant weeds were Cyanadon dactylon 40%, Cyperus esculentus 
(30%), Ipomoea spp (15%) and others comprised the remaining15%.  
 
7.3.5.2 Dry bean SPAD N 
There were no significant (p> 0.05) differences with regard to dry bean SPAD N 
across treatments as shown in Fig. 7.8.  
a  
 Fig. 7.8: Dry beans SPAD N at 40 days after planting in response to 
management strategies at MSBV site.  
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lower on average compared to other management strategies. This treatment was 
also comparable to the weed fallow (Fig. 7.9).  
  
Fig. 7.9: Dry bean dry matter production in response to management strategies  
at 40 days after planting. 
 
Farmers harvested the beans before data on bean grain was collected hence is 
not presented in this study including the profitability of the system. 
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7.4 Discussion 
Buckwheat produced high biomass levels of 4.5 t ha-1 at Msobombvu- MSBV (on-
farm site) compared with 2.5 t ha-1 at the Fort Hare-UFH. The difference could 
have been due to differences rainfall received at the sites i.e 318 mm and 
367mm at UFH and MSBV respectively. At UFH site buckwheat performed 
slightly poorer compared to the 3 t ha-1 levels achieved at both sites in the 
screening trial under similar conditions in Chapter 4. At MSBV buckwheat yielded 
better in the buckwheat trial than in the screening trial possibly due to a 
combination of high rainfall and early planting dates used in this trial compared 
those used in the screening trial (Chapter 4). The high biomass levels achieved 
at MSBV resulted in better weed suppression prior to establishment of dry beans 
than at UFH. This agrees with most research work that once buckwheat 
produces high biomass levels it translates to high weed suppression (Campbell, 
1997; Kumar et al., 2008).    
At UFH, no residual weed action was observed by using different killing and main 
crop planting strategies. This suggests that allelopathic effects from buckwheat 
were not effective enough to result in meaningful weed suppression. A different 
scenario was observed at MSBV site where two management strategies reduced 
weed biomass by 21-49% during early growth of dry bean. The first strategy, 
involving killing buckwheat by rolling + glyphosate followed by seeding dry bean 
between residues, resulted in the highest weed reduction. The second strategy, 
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was one involving killing buckwheat by rolling + glyphoste followed by seeding 
dry bean on rows of buckwheat residues. These findings indicated that the killing 
of buckwheat by rolling plus glyphosate could have been more influential in 
suppressing weeds in the follow up crop when compared to killing by cutting 
which has high chances of missing emerging weeds. In addition, considering the 
second strategy, there are two possibilities that could have contributed to greater 
weed suppression. The first one could have been the presence of suppressive 
mulch combined by the secretion of chemical exudates which affected weed 
growth. On the other hand, as residues decay and chemicals lose their efficacy, 
nutrients mineralized by residues could have promoted dry bean growth which 
then became competitive against weeds. This was confirmed by dry bean 
biomass which was generally greater in the buckwheat plots compared to the 
weed fallow except where buckwheat was cut followed by seeding of beans 
between buckwheat residues. It is possible that the residence time of residue 
mediated inhibitory potential had lapsed at 40 DAP compared to the two weeks 
duration normally reported in literature (Gawronska & Gawronska, 2008; Krudhof 
& Batiaans, 2008). Otherwise dry bean might have capitalized on acquisition of 
abundant nutrients which had been mineralized from the buckwheat residues. 
At UFH site, maize dry matter yield was not affected by buckwheat. Perhaps this 
was because of poor biomass production by buckwheat due to low rainfall at this 
site.  However maize SPAD N values were lower in buckwheat plots compared to 
the control weed fallow at 40 DAP. This was attributed to fast decomposition of 
low buckwheat biomass produced at the site. This also resulted in less nutrients 
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being mineralized for uptake by the maize crop hence the low tissue nitrogen 
content at that time. What is interesting is that, maize grain yields in buckwheat 
plots were not compromised in relation to the weed fallow at harvest time despite 
the low SPAD N indicated during mid-season. Perhaps the low SPAD N levels 
were not critical to result in significant yield depression. 
Dry bean SPAD N was not affected by management strategies of killing 
buckwheat. There is lack of evidence from other studies which suggests that 
maize could be more susceptible to allelopathic effects of buckwheat than dry 
bean under similar conditions. In this study it was also confirmed that sole maize 
and buckwheat-maize systems are not financially profitable under dry land 
conditions of the central region of the EC. This was indicated by low returns per 
R100 invested (Table 7.2). These losses arose from low gross income of maize 
grain sales, against high investment requirements by inputs (variable costs). 
Perhaps designing cropping systems that can reduce reliance on inorganic 
fertilizers, promote seed multiplication rather than purchasing seed at all times 
could improve the potential that lies in these systems.  
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7.5 Conclusions 
Killing buckwheat by rolling + herbicide, followed seeding dry bean between or 
into buckwheat residues are management strategies that can result in good weed 
suppression during growth of dry bean. Maize yield does not respond to killing 
strategies of buckwheat and planting position of the crop in relation to buckwheat 
residues. Management strategies of buckwheat/ maize systems may not be 
attractive since they proved to not be financially profitable. 
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8.0: EVALUATING THE EFFECT OF INTERCROPPING STRATEGIES ON 
COVER CROP DRY MATTER, MAIZE DRY MATTER, FALLOW MOISTURE, 
SOIL FERTILITY AND MAIZE GRAIN YIELD. 
 
Abstract 
 
The effects of intercropping on cover crop, maize dry matter production, fallow 
moisture and maize grain yield were studied with the objective of designing 
systems of introducing cover crops into maize based small-scale farming 
systems in the Eastern Cape. The trial was conducted in 2007/08 and 2008/09 
seasons at Fort Hare Research Farm (UFH) (32°46' S and 26° 50' E). The trial 
was laid as a 2×2×2 factorial arranged in a split-split plot design plus sole maize 
plots established at the same time with the intercrop maize. The main plot factor 
was time of planting cover crops in relation to maize; cover crops simultaneously 
planted with maize and cover crops planted two weeks after maize. The sub-plot 
factor was intercropping pattern; strip intercropping and between-row 
intercropping. The sub-sub-plot factor was cover crop species; dolichos lablab 
(Dolichos argenteus), and cowpea (Vigna ungiculata). In 2008/09 maize and 
cover crops were spatially rotated by planting the main crop on rows previously 
occupied by cover crops vise versa. There was a significant (p<0.05) interaction 
(cover crop planting time × intercropping pattern × cover crop species) with 
respect to cover crop dry matter. Cover crop dry matter was also affected by 
season.  Strategies involving simultaneous intercropping of cover crops produced 
better dry matter yields (3.1-5.1 t ha-1) than those with relay intercropping (0.6-1.8 
t ha-1). No significant interaction with respect to maize dry matter, maize partial 
land equivalent ratio (PLER) and grain yield were observed. Relay intercropping 
of cover crops influenced comparable maize dry matter yields as sole maize in 
both seasons ranging between 1.5-1.8 t ha-1. The in between row intercropping 
pattern performed better than strip patterns with respect to PLER and maize 
grain yield in both seasons. In between-row intercropping was comparable to 
sole maize in 2007/08 season but performed better in 2008/09 possibly due 
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rotational effects and good rainfall distribution. Maize/cover crop residues did not 
show a residual benefit of conserving soil moisture during fallow (winter and 
spring seasons) prior to establishment of rotational intercrops in 2008/09 season. 
This was attributed to a lengthy dry fallow period (lasting 6 to 7 months), which 
experienced very low and infrequent rains. It can be concluded from this study 
that relay intercropping of cover crops between-rows of maize, offer the 
opportunity to integrate cover crops with maize whilst improving the system 
biomass (maize-legume), soil K, without sacrificing land and maize grain yield in 
the EC.   
 
Keywords: Intercropping strategies, system biomass, partial rotations, partial land 
equivalent ratio (PLER) 
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8.1 Introduction 
Intercropping offers the opportunity to grow staple foods and cover crops 
simultaneously on limited landholdings (Mbuti, 2000; Verdoort et al. 2000; 
Mashingaidze, 2004; Wang et al, 2007). Normally, cereal and legume 
intercropping designs are recognized cropping systems in tropical and 
developing countries. Maize (Zea mays) is the dominant staple cereal whilst 
legumes such as cowpea (Vigna unguiculata), dolichos (Dolichos lalab) are 
included as companion intercrops for food in Southern Africa (Mashingaidze, 
2004). The success of intercropping systems has been attributed to differences in 
component crops, especially in spatial and temporal use of environmental 
resources such as sunlight radiation, water and nutrients (Willey, 1990).  
Spatial arrangements, such as between-row intercropping have been used with 
success in most developing countries including small farms in the Eastern Cape 
Province EC (Silwana & Lucas, 2002). Legumes have been relay planted 
between maize rows producing large amounts of biomass without reducing yields 
of a companion maize crop (Jeranyama, 2000; Arim et al., 2006). Delayed 
planting of cover crops can minimize competition. In a study by Smith (2002) 
delay of 3 weeks minimized competition resulting in high maize and cover crop 
yields. However, given a short season in central EC (Chapter 1) a two weeks 
delay might be more appropriate to reduce negative moisture stress on 
intercrops. 
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 In Zimbabwe, where small-scale farmers weed mechanically, strip 
arrangements, have performed better than between-row intercropping and sole 
cropping systems in terms of land equivalent ratios (LERs) (Mudita et al., 2008). 
High biomass accumulation by cover crops is required for the improvement of 
total system biomass on small farms in the EC. Cowpea and dolichos are some 
of the legume selections that have shown ability to grow under poor soil and 
rainfall conditions similar to the EC.  
Maize plant tissue has high C:N ratio compared to legumes, hence, maize 
residue persist more than legume residues (Nhamo et al., 2007). By mixing 
maize and legumes, balance is created between persistence and decomposition 
since cereals and legumes were shown to have different rates of decomposition 
in the litter bag study in chapter 5. A succeeding crop could benefit from moisture 
preserved by persistent mulch whilst nutrients are quickly supplied by the   
decaying mulch.  
A rotational effect can be beneficial in improving grain yields when the 
succeeding maize crop is planted on rows that were occupied by legumes whilst 
legumes are planted rows that were grown to maize. For example, maize yields 
were increased by up to 0.7 t ha-1 where maize followed a legume compared to 
continuous maize cropping systems (Jeranyama et al., 2007). Thus, strategies 
that fit legume cover crops into maize-based smallholder cropping systems need 
to be evaluated.  
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The objectives of this study were; (i) to determine the effects of intercropping 
strategies on cover crop dry matter, maize dry matter, and maize grain yield. 
(ii)To determine the effects of planting maize in strips and rows that were grown 
to cover crops in the subsequent season on maize dry matter and grain yield.  It 
was hypothesized that (i) Intercropping strategies have no effect on cover crop 
dry matter, maize dry matter fallow moisture, soil fertility and maize grain yield. 
(ii).Planting maize in strips and rows that were grown to cover crops and vice 
versa, has no effect on maize dry matter and grain yield.   
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8.2 Materials and methods 
8.2.1 Experimental site  
The intercropping experiment was conducted in 2007/08-2008/09 season at the 
University of Fort Hare Research Farm under rainfed conditions.  
 
8.2.2 Treatments and experimental design 
8.2.2.1 The 2007/08 season intercropping 
The trial evaluated three factors in factorial combination; cover crop planting time, 
intercropping pattern, and cover crop species. The trial was laid as a 2 × 2 × 2 
factorial arranged in a split-split plot design plus sole maize plots established at 
the same time with maize in intercrop plots. The main plot factor was cover crop 
planting time in relation to maize; (i) cover crops simultaneously planted with 
maize and (ii) cover crops planted two weeks after planting maize. The sub-plot 
factor was intercropping pattern, strip intercropping and between-row 
intercropping. The sub-sub-plot factor was cover crop species, dolichos lablab 
Dolichos argenteus (Highworth), and cowpea Vigna ungiculata (Agrinawa).  
8.2.2.2 Rotational intercropping in 2008/09 season 
Strips previously grown to cover crops in the 2007/08 season were grown to 
maize in 2008/09 and vice versa. In between-row intercropping rows planted to 
cover crops in the 2007/08 season were planted to maize in the 2008/09 season 
vice versa. This was done to facilitate evaluation of residual effects of cover 
crops on maize 
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8.2.2.3 Strip intercropping  
In the strip intercropping the maize- cover crop strip (consisting of two maize 
rows followed by two cover crop rows) covered a total width of 1.5 m wide. The 
distance between the maize and cover crop strip was 0.375 m. Maize strips 
consisted of two rows spaced at 0.75 m apart and in each row maize plant had 
an intra-row spacing of 0.72 m. Maize in strip pattern had a population density of 
18 518 plants ha-1,which is recommended under dryland (Van Avaberke, 1989). 
The adjacent cover crop strip had two rows spaced at 0.75 m apart, and the 
cover crops were drilled at a seed rate of 25 kg ha-1. The maize-cover crop strips 
produced a 2:2 strip sequence which was repeated 5 times in each plot.  The 
gross plot size for the strip system was 7.5 m x 6.0 m and net plot area of 4.5 m x 
2.2 m was used to harvest maize grain yield. 
8.2.2.4 Between-row intercropping  
In the between row intercropping pattern, maize and cover crop rows followed a 
1:1 alternating sequence repeated 8 times in each plot. Maize had a dryland 
spacing of 0.90 m x 0.60 m targeting population of about 18 518 plants ha-1. 
Dolichos and cowpea were drilled at the center between maize rows at a seed 
rate of 25 kg ha-1. The between-row intercropping plots had a gross size of 7.2 m 
x 6 m with a net plot of 3.75 m x 1.65 m where maize grain yield was measured.  
 
 
 
133 
 
8.2.3 Agronomic management  
8.2.3.1 Land preparations  
In 2007/08 season, land was prepared conventionally by ploughing and discing to 
remove influence of previous biomass, old weeds and plough layer surface crusts.  
In the (2008/09) season plots were not ploughed or disced so that residual effects 
the succeeding rotational intercrops could be assessed.    
8.2.3.2 Establishment of maize and cover crops  
The simultaneous planting of cover crops and test maize cv DKC 61-25 was done 
on the 18th of December in the 2007/08 season and on the 29th of December in 
2008/09. The same cover crops were also relay seeded two weeks later on the 4th 
of January in 2007/08 season and on the 15th of January 2008/09.  
8.2.3.3 Fertilizer and weed management 
Basal fertilizer 2:3:4 (30) was drilled to supply a minimum of 13 kg ha-1 N 10 kg ha-1 
P and 26 kg ha-1 K to legume cover crops. Maize was fertilized with 2:3:4 (30) at a 
rate of 500 kg ha-1 to supply 30 kg ha-1 N, 50 kg ha-1 P, and 66 kg ha-1 K (Van 
Averbeke & Marais, 1991).  A single hand hoe weeding was carried out all trials 
after the first samples of weed biomass were taken.  
8.2.3.4 Grain and residue management  
Maize grain was harvested on the 5th of April 2008 and on the 20th of May in 2009 
for the 2007/08 and 2008/09 season trials, respectively. Maize cobs were harvested 
shelled to measure mass of grain, cobs and grain moisture content at harvest. Mass 
of grain was adjusted and recorded at 12.5% moisture level.  
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Cover crop and maize residues were mechanically rolled followed by glyphosate 
application at a rate of 4 L ha-1 to terminate cover crop growth. Growth of cover 
crops could not be terminated at flowering using glyphosate in order to avoid 
negative effects on the main crop yield. The weed fallow was also terminated at the 
same time using the same procedure as cover crops and maize.  
8.2.4 Experimental measurements 
8.2.4.1 Soil nutrients prior to establishment of the succeeding intercrops 
Total N, available P and K were measured at six months after mulching prior to 
establishment of the succeeding intercrops in 2008/09 season. For procedure on 
measurements of soil nutrients i.e. total N, available P, and K refer to chapter 5  
8.2.4.2 Moisture conservation prior main crop establishment 
Gravimetric soil moisture readings were collected at six months after mulching cover 
crop and maize biomass to assess moisture conservation prior to onset of rains in 
November 2009 and establishment of the main crop. Gravimetric soil moisture 
determined by taking soil samples near rows of maize residues using a core 
sampler from a 20 cm depth. Fresh mass of the soil samples was measured using a 
portable balance. These samples were taken to the lab for oven drying at 105° C to 
constant mass    over a period of 4 weeks during the month of October.  
8.2.4.3 Rainfall 
A total of three rain gauges, one in each replication mounted on stands were placed 
near each replication and an average rainfall figure was recorded to plot monthly 
rainfall during the growing season. 
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8.2.4.4 Cover crop biomass  
Cover crop biomass was destructively sampled from the net plot areas of strips and 
between-row intercropping systems in 2007/08 and 2008/09 seasons after reaching 
50% bloom. The samples were oven dried at 65ºC to constant mass for DM 
determination.  
8.2.4.5 Maize biomass and grain yield 
Final maize biomass was destructively sampled from net plot area at harvest time. 
The maize plant samples were oven dried at 65ºC to constant mass for dry matter 
DM determination. Grain yield was also measured from the same net plot area as 
final biomass.  
8.2.5 Statistical procedures 
Maize partial land equivalent ratios (PLER) were used for purposes of evaluating 
productivity of intercropping systems. The PLERs were calculated using the 
following equation:  
PLER = Ya/Sa. 
Where Ya refers to maize crop yields in intercropping systems and Sa are maize 
yields in pure stands following Davis & Smithson, (1986).  An analysis of variance 
(ANOVA) on cover crop dry matter was done using a factorial design nested within 
season. However, ANOVA for maize dry matter, grain yield and PLERs was nested 
within intercrop system and season. Plots of sole maize and intercrops were 
analyzed concurrently as separate systems using Genstat statistical package. Data 
on gravimetric soil moisture and soil fertility were also subjected to ANOVA. Means 
were separated using the Duncan’s multiple range at 5% significance level. 
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8.3 Results 
8.3.1 Rainfall received for the intercropping trial 
In 2007/08 season, rainfall received at the Fort Hare Research Farm was 433 mm 
on average. The month of December coincided with higher than average rainfall and 
establishment was good. Early vegetative phases experienced dry weather in 
January, however towards late season in February and March, rainfall was above 
average (Fig. 8.1). In the 2008/9 season, the farm received 318 mm which was less 
than the amount received in the previous season. Survival irrigation of 8 mm was 
applied during early growth stages of intercrops due to poor rainfall occurrences at 
the beginning of the season (Fig. 8.1). Monthly rainfall was generally lower 
compared to the long term average (Fig. 8.1).  
 
  Fig. 8.1: Monthly rainfall and survival irrigation at Fort Hare Research Farm in 
relation to the long term average (1980/2008). 
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8.3.2 Final cover crop dry matter 
There was a significant (p<0.05) interaction of cover crop planting time × 
intercropping pattern × cover crop species, with respect to final cover crop dry 
matter yields across seasons (Table 8.1). The strategies involving simultaneous 
intercropping of cover crops with maize performed significantly (p<0.05) better 
than where cover crops were relay seeded at two weeks after planting maize 
(Table 8.1). Within each planting time and intercropping pattern, there were no 
differences in dry matter between cowpea and dolichos, except in 2008/09 where 
cowpea had higher than dolichos when planted between maize rows. 
Table 8.1: The effect of intercropping strategies (cover crop planting time × 
intercropping pattern × cover crop species) on final cover crop dry matter 
production across seasons at UFH site.  
Cover crop planting time in relation to maize planting 
 
 Cover crops planted 
simultaneously with maize 
 Cover crops relay seeded at two 
weeks after planting maize 
 Cowpea Dolichos --t ha-1-- Cowpea Dolichos 
2007/08      
Strip 4.1 c 4.4 c  1.0 f 0.8 fg 
Between-row  3.1 d 3.2 d   0.6 g 0.7 fg 
2008/09      
Strip 4.7 b  4.9 ab  1.7 e           1.6 e 
Between-row 5.1 a         4.8 b  1.5 e           1.8 e 
      
LSD (0.05) 0.3     
CV% 6     
    Means in columns indicated by the same letter are not significantly different at p = 0.05   
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8.3.3 Final maize dry matter production  
There was no significant (p>0.05) interaction of cover crop planting time ×  
intercropping pattern × cover crop species, with respect to final maize dry matter 
production (Table 8.2). However a significant (p<0.05) interaction of cover crop 
planting time × intercropping pattern was observed (Table 8.2). In 2007/08, 
interactions of cover crop relay seeding x intercropping patterns influenced maize 
biomass yields that were comparable to the sole maize, whereas, simultaneous 
planting of cover crops with maize depressed maize dry matter by 19 to 24% 
when compared to sole maize (Table 8.2).  
Table 8.2: Performance of cropping systems with respect to final maize dry 
matter production, in 2007/08 and 2008/09 seasons 
 
Cropping system 
Maize dry matter  
t ha-1 
 
Cropping system 
Maize dry matter  
t ha-1 
 2007/08  2008/09 
 
Sole maize control 
 
1.6 
 
Sole maize control 
 
1.7 
PD2 x Row 1.5 PD2 x Row 1.8 
PD2 x Strip 1.5 PD2 x Strip 1.8 
PD1 x Strip 1.3 PD1 x Row 1.5 
PD1 x Row 1.2 PD1 x Strip     1.3 
    
LSD (0.05) 0.2 (i)   
  0.2 (ii)   
   0.4 (iii)   
PD1 = Cover crops simultaneously planted with maize, PD2 = Cover crops planted two weeks 
after maize establishment, Row = Between row intercropping pattern, Strip = Strip intercropping 
pattern 
 
(i) LSD for comparisons of controls to other treatments minimum and maximum replications 
(ii) LSD for treatment comparisons only, excluding controls, maximum replication 
(ii)i LSD for control to control comparisons only, minimum replications 
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8.3.4 Maize partial land equivalent ratio (PLER)  
There was no significant (p>0.05) interaction of cover crop planting time ×  
intercropping pattern × cover crop species, with respect to maize partial land 
equivalent ratio (Table 8.3).  However, the main effect of intercropping pattern 
was significant (p<0.05). In 2007/08 season, the between-row intercropping 
pattern was comparable to the sole maize system. However, in 2008/09 season 
the between-row intercropping pattern showed an 18% land use advantage when 
compared to sole maize cropping system. The strip intercropping pattern showed 
a 38% land use disadvantage in both seasons with respect to maize PLER when 
compared to the sole maize system (Table 8.3). When compared to the 
between–row pattern, strip patterns resulted in a 38% and 48% land use 
disadvantage in 2007/08 and 2008/09, respectively (Table 8.3).   
 
8.3.5 Maize grain yield  
There was no significant (p>0.05) interaction of cover crop planting time ×  
intercropping pattern × cover crop species, with respect to maize grain yield 
(Table 8.3). However, the main effect of intercropping pattern was significant 
(p<0.05). In 2007/08 season, the between-row intercropping pattern was 
comparable to the sole maize system. However, in 2008/09 season the between-
row intercropping pattern showed an 18% yield advantage when compared to 
sole maize cropping system. The strip intercropping pattern influenced a 38% 
yield depression in both seasons with respect to maize grain yield when 
compared to the sole maize system (Table 8.3).  
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Strip patterns also showed a 38% and 48% maize yield depression in 2007/08 
and 2008/09, respectively, when compared to the between–row pattern (Table 
8.3).   
Table 8.3: The performance of sole and intercropping systems with regards to 
partial land equivalent ratio (PLER) and grain yield of maize across seasons 
 Maize PLER  Maize grain yield (t ha-1) 
        2007/08                  2008/09         2007/08                    2008/09 
 
Sole maize                                
 
1.000 
 
1.000 
 
 
 
1.9 
 
2.1 
 
 Strip 
intercropping  
 
 
0.614 
 
 
0.636 
 
 
 
 
 
1.8 
 
 
1.9 
 
 
 
Between-row 
intercropping 
 
 
0.925 
        
 
 
 
 
1.217 
 
 
 
 
 
 
 
 
 
1.7 
 
 
 
 
 
 
2.7 
LSD (0.05) 0.160 (i)   0.4 (i)  
  0.101 (ii)    0.3 (ii)  
   0.202 (iii)   0.5 (iii)  
 
(i) LSD for comparisons of controls to other treatments minimum and maximum replications 
(ii) LSD for treatment comparisons only, excluding controls, maximum replication 
(iii) LSD for control to control comparisons only, minimum replications 
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8.3.6 THE RESIDUAL EFFECTS OF INTERCROPPING STRATEGIES ON 
SOIL MOISTURE AND FERTILITY PRIOR TO ROTATIONAL NTERCROPPING 
SYSTEMS. 
8.3.6.1 Conservation of fallow moisture 
Moisture in the top soil profile did not differ significantly (p>0.05) across 
treatments. On average, soil moisture varied between 0.14 – 0.35 g cm-3 
compared to field capacity levels of 0.8 -2.1 g cm-3 (Ley et al., 1994). Fallow 
rainfall was generally below the long term average (Fig. 8.1). Most of the surface 
residues (maize and legume residues) had disappeared through decomposition 
over the six month fallow period. Only non-uniform patches of maize residues 
remained visible within the rows whilst rows the rows which had cover crops were 
now bare. 
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8.3.6.2 Soil fertility 
There were significant differences (p<0.05) with respect to K, across treatments 
in the 20 cm soil depth prior to establishment of follow up crops. Potassium 
showed a clear pattern as it was more available in the intercrop plots than those 
of pure maize stands (Table 8.4). No significant (p>0.05) differences were 
observed with respect to total soil N and P in the top soil (Table 8.4). Generally 
total soil N and P are low and classified as suboptimal when compared critical 
levels FAO, (2001). However potassium levels were on the optimum side.   
Table 8.4: The effects of cropping systems on soil total N, P, K concentrations in 
0-200 mm of an Orthic luvisol  
Treatment Total N % P 
 (mg /L) 
K 
(mg/L) 
Sole maize plots 0.231 4.47 127 
PD1 x Strip x Dolichos 0.208 4.15 170 
PD1 x Strip x Cowpea       0.264 4.90 176 
PD1 x Row x Dolichos 0.206 4.25 167 
PD1 x Row x Cowpea        0.232 4.36 158 
PD2 x Strip x Cowpea        0.222 4.51 141 
PD2 x Strip x Dolichos       0.263 4.72 164 
PD2 x Row x Dolichos       0.221 4.61 153 
PD2 x Row x Cowpea       0.236 4.13 146 
LSD (P<0.05) 0.09ns 0.65ns 6.7** 
PD1 = Cover crops simultaneously planted with maize, PD2 = Cover crops planted two weeks 
after maize establishment, ns = not significant (p>0.05), ** = Significant (p< 0.01). 
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8.4 Discussion 
High cover crop dry matter (1.5-5.1 t ha -1) across treatments in 2008/09 
compared to 2007/08 (0.6 - 4.4 t ha-1) was attributed to good rainfall distribution. 
The higher cover crop dry matter influenced by simultaneous intercropping of 
cover crops and maize (3.1 - 5.1 t ha-1)  compared to relay intercropping (0.6-1.8 
t ha-1) suggested that relay seeding might have sacrificed cover crop biomass 
yields due to a combination of reduced growing period and severe intra-specific 
competition with the established maize as also observed in a study by Akanvou 
et al. (2002).    
High legume biomass levels produced by simultaneous planting are important for 
building soil organic matter (Akanvou et al., 2002). This helps to achieve a 
balance between having a protective soil surface cover plus improvement of soil 
fertility through mineralization processes (Akanvou et al., 2002; Nhamo et al, 
2007). Maize dry matter yields were generally low as they ranged between 1.2 to 
1.8 t ha-1 owing to delayed planting. These yields are comparable to yields 
produced by farmers but are below the potential of 3 t ha-1 as noted by Van 
Averbeke & Marais, (1991).  
Relay cover cropping showed no depressing effects on maize dry matter yields 
compared to simultaneous intercropping, which caused dry matter yield penalties 
of about 19 to 24% for maize. This implies that relay intercropping allows both 
maize and cover crops to yield better compared to simultaneous intercropping 
which favors maize biomass whilst sacrificing cover crop biomass (Jeranyama, 
2000; Akanvou et al., 2002). Maize/cover biomass yields however, suggest that 
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total system biomass can match the acceptable 6 t ha-1 benchmark when relay 
cover cropping is done in a good season.  
The 6 t ha-1 amount of cover crop biomass may be too optimistic in the EC where 
rainfall is low and season variability is too high such that, slightly lower biomass 
levels could still be of value for purposes of building soil organic matter in 
degraded soils. The major challenge is lack of persistence from the generated 
biomass over the fallow period. 
Partial land equivalent ratios were calculated with the aim of assessing land use 
efficiencies by intercropping strategies. Intercropping pattern affected PLERs 
across seasons. In the first season, between-row intercropped maize showed 
comparable land use advantage as sole maize. In the second season, between-
row intercropping showed an 18% (PLER > 1) land use advantage possibly due 
to a combination of good rainfall distribution, rotational effects and minimum 
interspecific competition between component intercrops. On the other hand, the 
strip intercropping pattern sacrificed both land and yield of the main crop 
compared to between-row as was indicated (PLER < 1) in both seasons. This 
was probably caused by high interaspecific competition in both maize and cover 
crop rows since intra-row spacing had to be narrowed in order to maintain the 
same plant population as in other cropping systems.  Perhaps one may have to 
consider sacrificing plant population in order to reduce plant competition and 
possibly get reasonable biomass in strip designs as observed in a study 
interested in strip intercropping by Mudita et al. (2008). 
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Intercropping pattern significantly affected maize grain yield. The trends which 
were observed with respect to PLERs were also similar to those of maize grain 
yield. Thus cover crops can be incorporated into maize cropping systems using 
between-row intercropping strategies without compromising maize grain yield. In 
this trial, crop residues from maize and cover crops did not show an benefit of 
conserving soil moisture during fallow (winter and spring seasons) prior to 
establishment of rotational intercrops in 2008/09 season. This was attributed to a 
lengthy dry fallow period (lasting 6 to 7 months), which experiences very low and 
infrequent rains. Most of the harvested moisture became evaporated and 
transpired by fallow weeds which managed to grow in areas where legume 
residues had diapered. This suggests that cereal biomass levels may still need to 
be increased in order to suppress fallow weeds and increase chances of 
harvesting moisture when a good fallow season is experienced.  
Prior to establishment of spatially rotated intercrops, potassium (K) levels in 
intercrop plots were higher compared to sole maize. This suggests that maize-
cover crop residues as nutrient reservoirs managed to return more K as they 
decomposed compared pure maize residues which might have taken more time 
to decompose.  
Soil N was expected to be high in maize-cover crop systems because legumes 
fix N (Jeranyama, 2000). Perhaps the mineralized N in the form of nitrates was 
leached considering the delay in planting until January when onset of rains had 
began in November according the rainfall analysis in Chapter 3. This suggests 
that farmers may have to try and plant early and possibly gain from residual 
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benefits of cover cropping. On the other hand phosphorous levels were generally 
low and existed in the expected range suggesting that investments in P are 
necessary since the soils are generally deficient in P according as noted by Van 
Averbeke & Marais (1991).  
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8.5 Conclusions 
Simultaneous intercropping allows cover crops to yield better whilst sacrificing 
maize biomass whereas relay intercropping favors maize biomass. Same time 
planting of cover crops with maize using the in-between row intercropping 
patterns can offer the opportunity to derive appreciable biomass yields, utilize 
land efficiently whilst getting favourable maize grain yield in the Central Region of 
the EC. There was no moisture conservation benefits realized from intercropping 
strategies. Intercropping strategies can improve soil K but may not provide N and 
P benefit in the short term 
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9.0:  GENERAL DISCUSSION, CONCLUSIONS AND RECOMMENDATIONS 
 
9.1 Introduction 
This chapter consolidates the main findings of the whole study. The study 
targeted rainfed cropping systems in the central region of the EC that experience 
low maize yields averaging 1- 2 t ha-1 (Van Averbeke & Marais, 1991). A review 
of the literature shows that the many challenges in maize production that result in 
low yields and food insecurity, include low rainfall, late planting, poor soil cover, 
poor soil fertility and weeds (Van Averbeke & Marais, 1991). Conservation 
Agriculture (CA) is being promoted as technology to increase crop productivity. 
One factor that has been implicated in the poor performance of CA systems on 
small scale farms in the central EC is the absence of cover. Little work has been 
done, to date, to evaluate cover crop biomass production under rainfed 
conditions to improve cover in CA systems in the EC. 
 
High biomass producing cover crops, and others with allelopathic effects, have 
been known to suppress weeds and protect the soil (Abdin et al., 2000; 
Jeranyama et al., 2000; Kallinova et al., 2007). When these cover crops are 
killed, they may benefit the subsequent crop through, weed suppression, 
conservation of soil moisture and/or decomposition and release of nutrients. The 
overall objective of the study was to assess whether CA systems, based on cover 
cropping, emphasizing on high biomass production, can work under rainfed 
conditions in the Central Region of the EC. 
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Different approaches to increase biomass production and weed suppression, i.e. 
screening of cover crops for biomass production, intercropping designs, and 
short cycle rotations, were evaluated in this study. A range of summer cover 
crops were screened to identify adapted species to summer rainfall conditions in 
the central EC, while on the other hand intercropping designs were evaluated as 
a strategy to incorporate cover crops into existing maize based cropping systems 
in the Central EC. Short cycle rotations were also assessed to test other possible 
management strategies for buckwheat which showed desirable characteristics of 
fast growth and weed suppression in the screening trial.  
 
In the screening trial, sorghum, sunnhemp and sunflower were good candidates 
as they yielded > 6 t ha-1 (threshold biomass), whereas cowpea, dolichos and 
buckwheat produced lower biomass yields. The high biomass yields produced by 
sorghum, sunnhemp and sunflower were in agreement with those produced in 
other dry regions in Limpopo and in Free State (Bloemfontein) Provinces where 
rainfall is slightly higher than the central region of EC (Balkcom et al., 2005; 
Botha et al., 2005). On the other hand, cowpea, dolichos and buckwheat yields 
ranged between 3.2 - 4.8 t ha-1.These biomass levels were much higher than 
those reported in Limpopo Province (1.5 – 2.8 t ha-1), with similar annual rainfall 
averages, i.e,. 500 – 600 mm (Ayisi & Mpangane, 2004; Maluleke et al., 2004). 
Much higher biomass yields (7 t ha-1 – 14 t ha-1) for buckwheat were reported in 
Pennsylvania, USA, where annual precipitation is about 800 mm on average 
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(Campbell, 1997). Perhaps, this suggests that buckwheat yields more biomass 
where rainfall is high as noted by Campbell, (1997).  
 
According to the rainfall analysis the cover crops, in the screening trial, were 
planted within seven days after onset of rainfall (17th December) during the 
2007/08. In the 2008/09 season, planting was delayed by 32-34 days after onset. 
The delay resulted in biomass reduction of 2-3 t ha-1 in forage sorghum, whereas 
other species maintained comparable yields to the previous season.   This 
suggests that forage sorghum is more sensitive to delayed planting compared to 
other cover crops tested. If forage sorghum establishment is synchronized with 
onset of rainfall, combined with good management, there is a possibility of 
achieving more biomass. While forage sorghum, sunnhemp, and sunflower 
produced > 6 t ha-1 biomass, other approaches were required to improve 
biomass of dolichos, cowpea and buckwheat. 
Different strategies of intercropping maize and dolichos, and maize and cowpea, 
produced overall biomass less than 6 t ha-1. Comparing with sole cover crops in 
the screening trial, the sole cover crops produced at least double the amount of 
biomass produced by individual cover crops in intercrops. This suggested that 
intercropping increased competition against high biomass production of the cover 
crops.  
Intercropping strategies where cover crops were planted at the same time with 
maize were established on the 18th in 2007/08 season and 29th of December in 
the 2008/09 season. These planting dates were almost in synchrony with the 
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onset of rainfall such that cover crop biomass yields (3.1 – 5.1 t ha-1) in the 
intercrops was comparable to the sole crops in the screening trial. These yields 
are similar to those achieved under similar conditions, in Limpopo, as reported by 
Ayisi & Mpangane, (2004).  
When cowpea and dolichos were planted two weeks after maize, lower cover 
crop biomass yields (0.6 - 1.8 t ha-1) were obtained. This suggests that biomass 
yields of these cover crops are reduced as the season length shortens due to 
delayed planting after onset of rainfall. This is agreement with reports from other 
studies conducted in dry regions comparable to the central EC region (Van 
Averbeke & Marais, 1991; Ayisi & Mpangane, 2004). Though the pentad graph in 
Chapter 3 shows feasible planting opportunities after onset, biomass yields are 
more likely to be lower as a result reduced effective season. 
Maize biomass (1.2 – 1.8 t ha-1) was generally poor in both sole and 
intercropping systems. This could be attributed to rainfall amounts in relation to 
water demands of maize. High weed pressure in the maize plots exacerbated the 
problem of low rainfall received.. Within the intercropping trial, strip intercropping 
performed poorly compared to between-row intercropping in terms of biomass 
production. Maize and cover crop population in the strip design was maintained 
as in the sole by reducing in-row spacing resulting in more competition between 
plants. This suggests that if strip designs are to be used there may be need to   
reduce the maize population compared to the sole.  
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Short cycle rotations using buckwheat produced a good canopy (2.5 - 4.5 t ha-1 
biomass after a 40-day growing period) that smothered weeds. The cover crop 
was planted 7 days earlier than onset and crop establishment was not a problem.  
However, in other semi arid environments, buckwheat has been reported to 
produce as high 7 - 14 t ha-1 of biomass over 30-40 day growing periods 
(Campbell, 1997). This shows that biomass yields could be higher with improved 
management. 
Persistence of cover crop biomass in the sole cover crops was evaluated using a 
litterbag decomposition experiment and whereas observations were used for 
intercrops and short-term rotations. All the cropping strategies that were tested 
for biomass production i.e. sole crops, intercrops and short-cycle rotations 
produced biomass which did not persist to the next season. This was attributed to 
the long fallow period of 7 months between March and November which allows 
crop residues to completely degrade leaving bare and patchy surfaces.   
 
The observations noted above suggest that the rainfall experienced could be a 
major limiting factor to a successful practice of CA in the central region of the EC.    
CA might work better in this region with identification of hardier cover crop 
species that could provide additional biomass under conditions of low and 
variable rainfall experienced during the off-season. In almost every year  
about 180 mm of rainfall is received in the off-season  as indicated in Chapter 3.  
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Benefits offered by cover crop biomass to the subsequent main crop were 
assessed on the various cover cropping strategies in this study. The biomass 
produced by each system was expected to suppress weeds, conserve soil 
moisture, improve soil fertility resulting in improved biomass and grain yields of 
the next crop. However, biomass obtained from all the systems except 
buckwheat did not improve weed control, soil moisture conservation, soil fertility 
and biomass and grain yields in the next crop. This was attributed to lack of 
persistence of cover crop and maize residues. Lack of fertility improvements 
might have been masked by leaching of nutrients   during the long fallow period 
and instances where planting was delayed. This again emphasizes the 
importance of timely planting as an important management practice in CA as 
advocated by practitioners in the African tropical system (Twomlow et al., 2008)  
 
Sustainability of the CA systems in the central EC was also assessed from an 
economic perspective. The profitability of CA systems is realized when crop 
yields compare favorably to those of a conventional system as noted by Parsch 
et al., (2001). Therefore a simple economic analysis was conducted to evaluate 
maize/cover crop systems against a sole maize cropping system using partial 
budgets in Appendix 5. Financial indices i.e. Gross income, Gross investment 
(cost of production) and Net income, were calculated for computing the Return 
per R100 invested following Akhtar et al., (2000) 
Return per R100 invested =     Gross income 
                                              --------------------------            ×       100% 
                                                 Gross investment 
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Cowpea and dolichos seed shared the same variable costs hence a single partial 
budget (maize/cover crop) was used for both cover crops. Exposing the 
economic value of these cropping systems would enable one to know if it’s 
possible to make meaningful recommendations to the target domain (small-scale 
farmers) who may be interested in knowing the financial gains or savings. 
In 2007/08 and 2008/09 seasons, the economic analysis suggests that 
maize/cover systems were not profitable when compared to pure maize stands 
with respect to returns per R100 invested (Table 9.1 & 9.2). Though the maize 
cover/crop system showed higher gross income due to higher yields than sole 
maize in 2008/09 season, the system demanded higher production costs than the 
sole maize as both systems shifted to not till.  
Table 9.1: Economic analysis of cropping systems in the 2007/08 season 
 
 Cropping system 
  
Sole maize 
Maize/cover crop 
(in-between-row intercropping) 
Gross income  
R /ha 
 
6496 
 
6496 
 
Gross investment  R/ha 
 
5699 
 
8349 
 
Net income R/ha 
 
797 
 
-1853 
 
Return per R100 invested 
 
1.14 
 
81 
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Table 9.2: Economic analysis of cropping systems in the 2008/09 season 
 
 Cropping system 
  
Sole maize 
Maize/cover crop 
(In-between-row intercropping) 
Gross income  
R /ha 
 
6944 
 
8288 
 
Gross investment  R/ha 
 
6326 
 
8299 
 
Net benefit R/ha 
 
618 
 
-11 
 
 Return per R100 invested  
 
110 
 
100 
 
High investment costs were shown to arise from purchases of inorganic fertilizers 
which contributed between 45 and 51% of the total investment costs. Future 
maize/cover crop systems should focus on reducing over reliance on inorganic 
fertilizers if these technologies are to become relevant. For example, promoting 
nitrogen fixing cover crops which also cycle nutrients would minimize 
dependency on organic fertilizers as reported by (Jeranyama, et al., 2007). Use 
of animal manures was also shown to be an alternative to inorganic fertilizers 
when the right quantities are used (Mkile, 2001). Moreover an attempt to derive 
both biomass and the food benefit from cover crops could increase the total 
income thereby improving the profitability of these systems. 
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9.2 General conclusions 
Biomass yields produced in all the studies except the buckwheat trial were not 
sufficient to sustain the rotations meant to engage a workable CA system in 
terms of weed control, fertility improvements and moisture conservation for a 
succeeding crop. Rainfall experienced could be a major limiting factor to a 
successful practice of CA in the central region of the EC. Short cycle rotations 
using buckwheat showed some weed action in a succeeding bean crop. From an 
economic perspective all the CA systems were unprofitable with respect to 
returns per R100 invested. However the soil conservation effects have not been 
costed. 
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9.3 Recommendations for future research  
Daily rainfall data should be gathered from more stations to widen relevance of  
of CA feasibility studies. In trying to bridge the long fallow period, another option 
would be to research on a wide range of species adapted to low fallow rainfall to 
provide cover in rainfed systems of the EC. Moreover one may have to check on 
issues of allelopathy by some of these cover crops against the incoming main 
crop including aspects of weed control, moisture depletion and conservation. In 
addition, clarity will be required on fertility improvements or immobilization and 
the overall feasibility of winter cover cropping under rainfed conditions of the EC. 
Short cycle cover cropping should also be investigated using a wide range of 
species. Future research may also focus on finding optimum delay dates for relay 
systems. Maize/cover crop systems should also focus on reducing over reliance 
on inorganic fertilizers if these technologies are to become relevant. Moreover an 
attempt to derive both biomass and the food benefit from cover crops could 
increase the total income and perhaps become more attractive and profitable 
cropping systems. 
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APPENDICES 
APPENDIX 1: RAINFALL PROBABILITY ANALYSIS 
 
The first feasible planting opportunity (Onset of the rainy season): Comparing different 
criteria of onset to determine a good signal for Alice 
 
20 mm rainfall received in 2 consecutive days after the 1st of November and no more than 15 dry 
days  in the next 30 days (UFH criterion designed in this study) 
Year Onset End Length Reject or accept 
1974 308 97 154 yes 
1975 324 87 128 yes 
1976 360 96 101 yes 
1977 0 0 0 no 
1978 0 0 0 no 
1979 347 93 111 yes 
1980 0 0 0 no 
1981 344 96 117 yes 
1982 0 0 0 no 
1983 309 87 143 yes 
1984 306 87 146 yes 
1985 306 87 146 yes 
1986 308 87 144 yes 
1987 335 91 121 yes 
1988 329 87 123 yes 
1989 320 91 136 yes 
1990 0 0 0 no 
1991 0 0 0 no 
1992 0 0 0 no 
1993 315 87 137 yes 
1994 0 0 0 no 
1995 0 0 0 no 
1996 310 87 142 yes 
1997 0 0 0 no 
1998 326 89 128 yes 
1999 354 90 101 yes 
2000 306 105 164 yes 
2001 325 111 151 yes 
2002 0 0 0 no 
2003 0 0 0 no 
2004 341 87 111 yes 
2005 311 87 141 yes 
2006 0 0 0 no 
2007 351 87 101 yes 
2008 318 87 134 yes 
     
64% probability of success 
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20 mm rainfall received in 2 consecutive days after the 1st of November and no more than 7 dry 
days  in the next 30 days (Sivakumar, 1988)  
Year Onset End Length Reject or accept 
1974 0 0 0 no 
1975 324 87 128 yes 
1976 360 96 101 yes 
1977 0 0 0 no 
1978 339 87 113 yes 
1979 360 93 98 yes 
1980 0 0 0 no 
1981 0 0 0 no 
1982 0 0 0 no 
1983 363 87 89 yes 
1984 306 87 146 yes 
1985 336 87 116 yes 
1986 0 0 0 no 
1987 335 91 121 yes 
1988 352 87 100 yes 
1989 0 0 0 no 
1990 0 0 0 no 
1991 0 0 0 no 
1992 0 0 0 no 
1993 315 87 137 yes 
1994 358 87 94 yes 
1995 0 0 0 no 
1996 310 87 142 yes 
1997 0 0 0 no 
1998 326 89 128 yes 
1999 354 90 101 yes 
2000 0 0 0 no 
2001 325 111 151 yes 
2002 0 0 0 no 
2003 0 0 0 no 
2004 341 87 111 yes 
2005 0 0 0 no 
2006 0 0 0 no 
2007 351 87 101 yes 
2008 318 87 134 yes 
     
54% probability of success 
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30 mm rainfall received in 2 consecutive days after the 1st of November and no more than 15 dry 
days  in the next 30 days (Vanderlip et al., 1996)  
Year Onset End Length Reject or accept 
1974 332 97 130 yes 
1975 324 87 128 yes 
1976 0 0 0 no 
1977 313 87 139 yes 
1978 0 0 0 no 
1979 347 93 111 yes 
1980 337 87 115 yes 
1981 0 0 0 no 
1982 0 0 0 no 
1983 309 87 143 yes 
1984 306 87 146 yes 
1985 306 87 146 yes 
1986 308 87 144 yes 
1987 0 0 0 no 
1988 361 87 91 yes 
1989 320 91 136 yes 
1990 0 0 0 no 
1991 0 0 0 no 
1992 0 0 0 no 
1993 315 87 137 yes 
1994 358 87 94 yes 
1995 350 87 102 yes 
1996 310 87 142 yes 
1997 0 0 0 no 
1998 326 89 128 yes 
1999 354 90 101 yes 
2000 0 0 0 no 
2001 325 111 151 yes 
2002 0 0 0 no 
2003 0 0 0 no 
2004 341 87 111 yes 
2005 0 0 0 no 
2006 0 0 0 no 
2007 0 0 0 no 
2008 0 0 0 no 
     
54% probability of success 
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20 mm rainfall received in 2 consecutive days after the 1st of November and no more than 10 dry 
days  in the next 30 days (Stern et al., 1982) 
Year Onset End Length Reject or accept  
1974 308 97 154 yes  
1975 339 97 123 yes  
1976 360 96 101 yes  
1977 0 0 0 no  
1978 339 87 123 yes  
1979 0 0 0 no  
1980 337 93 121 yes  
1981 344 96 117 yes  
1982 0 0 0 no  
1983 0 0 0 no  
1984 306 87 146 yes  
1985 0 0 0 no  
1986 309 87 143 yes  
1987 0 0 0 no  
1988 0 0 0 no  
1989 321 91 135 yes  
1990 352 87 100 yes  
1991 0 0 0 no  
1992 0 0 0 no  
1993 315 87 137 yes  
1994 0 0 0 no  
1995 0 0 0 no  
1996 310 87 142 yes  
1997 0 0 0 no  
1998 326 89 128 yes  
1999 355 90 100 yes  
2000 0 0 0 no  
2001 0 0 0 no  
2002 0 0 0 no  
2003 0 0 0 no  
2004 341 87 111 yes  
2005 0 0 0 no  
2006 0 0 0 no  
2007 0 0 0 no  
2008 319 87 133 yes  
      
46% probability of success  
 
 
 
 
 
 
 
 
 
178 
 
The second feasible planting opportunity at two weeks after onset of the rainy season 
following the UFH criterion  
 
20 mm rainfall received in 2 consecutive days after onset (the first feasible date) and no more 
than 15 dry days  in the next 30 days  
Year Onset End Length Reject or accept  
1974 0 0 0 no 
1975 339 87 113 yes 
1976 0 0 0 no 
1977 0 0 0 no 
1978 0 0 0 no 
1979 339 93 119 yes 
1980 0 0 0 no 
1981 0 0 0 no 
1982 0 0 0 no 
1983 324 87 128 yes 
1984 0 0 0 no 
1985 0 0 0 no 
1986 0 0 0 no 
1987 0 0 0 no 
1988 0 0 0 no 
1989 335 91 121 yes 
1990 0 0 0 no 
1991 0 0 0 no 
1992 0 0 0 no 
1993 0 0 0 no 
1994 0 0 0 no 
1995 0 0 0 no 
1996 0 0 0 no 
1997 0 0 0 no 
1998 0 0 0 no 
1999 0 0 0 no 
2000 0 0 0 no 
2001 340 111 136 yes 
2002 0 0 0 no 
2003 0 0 0 no 
2004 0 0 0 no 
2005 0 0 0 no 
2006 0 0 0 no 
2007 0 0 0 no 
2008 0 0 0 no 
     
15% probability of success 
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APPENDIX 2: SCREENING TRIAL  
EFFECTS OF COVER CROP DRY MATTER PRODUCTION  
ANOVA TABLE: Cover crop dry matter production at buckwheat kill date (40 days after planting) 
in 2007/08 and 2008/09 seasons at Fort Hare Research Farm (UFH) and Msobombvu village 
(MSBV) 
Source Degrees of 
Freedom 
Sum of 
squares 
Mean 
Squares 
V.r  F. pr 
Replication 2 747696 373848 3.36  
Site 1 7760168 7760168 69.73   <.001 
Season 1   7119437 7119437 63.97 <.001 
Treatment 4 104311601 26077900 234.32   <.001 
Site.Season                 1 8005184 .   8005184 71.93 <.001 
Site.Treatment   4 4631049 1157762 10.40   <.001 
Season.Treatment             4 25073937 6268484 56.33   <.001 
Site.Season.Treatment        4  1397690 349423 3.14   0.025 
Error 38 4229002 111290   
Total 59 163275764.    
Grand   3748     
CV % 9 LSD(0.05) 551   
 
 
ANOVA TABLE: Dry matter production of sunflower compared to other cover crops at buckwheat 
kill date (40 DAP) in 2008/09 season at UFH and MASBV 
Source Degrees of 
Freedom 
Sum of 
squares 
Mean 
Squares 
V.r  F. pr 
Replication 2 2268980 1134490 1.82  
Site 1 40072474 40072474 64.30   <.001 
Site.Treatment 10 152806192 15280619 24.52   <.001 
Error 22  13710877 623222   
Total 35 208858523    
Grand   4327     
CV % 17 LSD(0.05) 1337   
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ANOVA TABLE: Final dry matter production of cover crops that grew beyond buckwheat kill date 
in 2007/08 and 2008/09 seasons at Fort Hare Research Farm (UFH) and Msobombvu village 
(MSBV) 
Source Degrees of 
Freedom 
Sum of 
squares 
Mean 
Squares 
V.r  F. pr 
Replication 2 130218 65109 0.68  
Site 1 4627071 4627071 48.35 <.001 
Season 1   2194358 2194358 22.93   <.001 
Treatment 3 291250411 97083470 1014.37    <.001 
Site.Season                 1 3237005 3237005 33.82   <.001 
Site.Treatment   3   6915158 2305053 24.08   <.001 
Season.Treatment             3 37124982 12374994 129.30   <.001 
Site.Season.Treatment        3 2561907 853969 8.92   <.001 
Error 30 2871253 95708   
Total 47 350912362    
Grand   5888     
CV % 5 LSD(0.05) 516   
 
 
 
ANOVA TABLE: Final dry matter production of sunflower compared to other cover crops that 
grew beyond buckwheat kill date in 2008/09 season  
Source Degrees of 
Freedom 
Sum of 
squares 
Mean 
Squares 
V.r  F. pr 
Replication 2 1008670 504335 4.23  
Site 1 8682244 8682244 72.85   <.001 
Treatment 4 312353916 78088479 655.20   <.001 
Site.Treatment 4 8069981 2017495 16.93 <.001 
Error 18 2145276 119182   
Total 29 332260088    
Grand   6836     
CV % 5 LSD(0.05) 592   
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ANOVA TABLE: Final weed species counts across treatments in 2007/08 and 2008/09 seasons 
at Fort Hare Research Farm (UFH) and Msobombvu village (MSBV) 
Source Degrees of 
Freedom 
Sum of 
squares 
Mean 
Squares 
V.r  F. pr 
Replication 2 0.7774 0.3887     3.72  
Site 1 0.0892      0.0892     0.85   0.361 
Season 1   0.0524 0.0524     0.50   0.483 
Treatment 5 0.9485      0.1897     1.81   0.129 
Site.Season                 1 0.6983      0.6983     6.67   0.113 
Site.Treatment   5  0.9634      0.1927     1.84   0.123 
Season.Treatment             5 0.7241      0.1448     1.38   0.248 
Site.Season.Treatment        5 0.3360      0.0672     0.64 0.669 
Error 46 4.8124      0.1046   
Total 71 9.4018    
Grand   1.947     
CV % 17 LSD(0.05) 0.5316   
 
 
ANOVA TABLE: Final weed dry matter across treatments in 2007/08 and 2008/09 seasons at 
Fort Hare Research Farm (UFH) and Msobombvu village (MSBV) 
Source Degrees of 
Freedom 
Sum of 
squares 
Mean 
Squares 
V.r  F. pr 
Replication 2 29173 14586 1.15  
Site 1 5176 5176 0.41   0.527 
Season 1   160896 160896 12.65   <.001 
Treatment 5 1931414 386283 30.38   <.001 
Site.Season                 1 57788 57788 4.54   0.138 
Site.Treatment   5  33608 6722 0.53   0.753 
Season.Treatment             5 90350. 18070 1.42   0.235 
Site.Season.Treatment        5 18131 3626 0.29   0.919 
Error 46 584958 12716   
Total 71 2911495    
Grand   537     
CV % 21 LSD(0.05) 92   
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APPENDIX 3: LITTER BAG STUDY 
 
ANOVA TABLE: Remaining percent biomass I month after mulching  
Source Degrees of 
Freedom 
Sum of 
squares 
Mean 
Squares 
V.r  F. pr 
Replication 2 10.14        5.07     0.08  
Treatment 3 1870.18      623.39     9.50 0.011 
Error 6 393.86       65.64   
Total 11 2274.18    
Grand   88     
CV % 14 LSD(0.05) 2.7   
 
 
ANOVA TABLE: Remaining percent biomass 2 months after mulching  
Source Degrees of 
Freedom 
Sum of 
squares 
Mean 
Squares 
V.r  F. pr 
Replication 2 377.2       188.6     1.41  
Treatment 3 2009.7    669.9     5.01   0.045 
Error 6 801.8       133.6   
Total 11 3188.7    
Grand   83     
CV % 10.3 LSD(0.05) 4.6   
 
ANOVA TABLE: Remaining percent biomass 3 months after mulching  
Source Degrees of 
Freedom 
Sum of 
squares 
Mean 
Squares 
V.r  F. pr 
Replication 2 1052.5 526.3     3.58  
Treatment 3 3646.1      1215.4 8.27   0.015 
Error 6 881.9       147.0   
Total 11 5580.6    
Grand   79     
CV % 12 LSD(0.05) 4.8   
 
ANOVA TABLE: Remaining percent biomass 4 months after mulching  
Source Degrees of 
Freedom 
Sum of 
squares 
Mean 
Squares 
V.r  F. pr 
Replication 2 715.39      357.69     5.71  
Treatment 3 2341.35      780.45    12.46   0.005 
Error 6 375.82       62.64   
Total 11 3432.56    
Grand   79     
CV % 9 LSD(0.05) 3.2   
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APPENDIX 4: RESIDUAL EFFECTS ON THE SUCCEDING MAIZE CROP 
 
ANOVA TABLE: Residual effects of cover crop mulch on final weed dry matter in a maize crop 
Source Degrees of 
Freedom 
Sum of 
squares 
Mean 
Squares 
V.r  F. pr 
Replication 2 67452 33726 2.70  
Treatment 5 52098 10420 0.83 0.554 
Error 10 124973 12497   
Total 17 244523    
Grand   324     
CV % 34.5 LSD(0.05) 203.4   
 
 
ANOVA TABLE: Residual effects of cover crop mulch on final maize dry matter  
Source Degrees of 
Freedom 
Sum of 
squares 
Mean 
Squares 
V.r  F. pr 
Replication 2 33209 16605 0.97  
Treatment 5 138451 27690 1.62 0.242 
Error 10 171253 17125   
Total 17 342913    
Grand   4133     
CV % 6.9 LSD(0.05) 650   
 
 
 
ANOVA TABLE: Residual effects of cover crop mulch maize SPAD N 
Source Degrees of 
Freedom 
Sum of 
squares 
Mean 
Squares 
V.r  F. pr 
Replication 2 218.92 109.46 1.75  
Treatment 5 374.45 69.49 1.11 0.414 
Error 10 626.01 62.60   
Total 17 1192.38    
Grand   58.3     
CV % 13.6 LSD(0.05) 14.4   
 
 
ANOVA TABLE: Residual effects of cover crop mulch on maize grain yield 
Source Degrees of 
Freedom 
Sum of 
squares 
Mean 
Squares 
V.r  F. pr 
Replication 2 1612663 806331 2.43  
Treatment 5 844707 168941 0.51 0.763 
Error 10 3314573 331457   
Total 17 5771943    
Grand   3549     
CV % 16.2 LSD(0.05) 1047   
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APPENDIX 5:  BUCKWHEAT TRIAL 2008/09 SEASON 
 ON-STATION AND ON-FARM ANOVA TABLES  
 
 
ANOVA TABLE: Effect of buckwheat on final weed species number prior to main crop 
establishment across site (on-station and on-farm/ UFH and MSBV) 
 
 
ANOVA TABLE: Effect of buckwheat on final weed dry matter prior to main crop  
establishment across site  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Source Degrees of 
Freedom 
Sum of 
squares 
Mean 
Squares 
V.r  F. pr 
Replication 2 0.06003     0.03001     0.69  
Treatment 4 0.46220     0.11555     2.65   0.067 
Site 1 0.00097     0.00097     0.02   0.883 
Treatment x 
Site 
4 0.15443     0.03861     0.89   0.492 
Error 18 0.78395     0.04355   
Total 29 1.46158    
Grand   1.893     
CV % 11 LSD(0.05) 0.3580   
Source Degrees of 
Freedom 
Sum of 
squares 
Mean 
Squares 
V.r  F. pr 
Replication 2 6.47        3.24     0.06  
Treatment 4 4782.78     1195.70    21.18   <.001 
Site 1 878.04      878.04    15.55   <.001 
Treatment x 
Site 
4 183.46       45.86 0.81   0.534 
Error 18 1016.16 56.45   
Total 29 6866.92    
Grand   31     
CV % 24 LSD(0.05) 12.89   
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ANOVA TABLE: Final weed species number in a succeeding maize crop after succeeding 
buckwheat on-station site 
 
 
ANOVA TABLE: Final weed dry matter in a succeeding maize crop after succeeding buckwheat 
on-station site 
 
 
ANOVA TABLE: Maize SPAD N at 45 days after planting after succeeding buckwheat  
on-station site 
 
 
ANOVA TABLE: Final maize dry matter after succeeding buckwheat on-station site 
 
 
 
 
Source Degrees of 
Freedom 
Sum of 
squares 
Mean 
Squares 
V.r  F. pr 
Replication 2 0.04041     0.02020     0.71  
Treatment 4 0.09429     0.02357     0.82   0.545 
Error 8 0.22898     0.02862   
Total 14 0.36367    
Grand   17     
CV % 11 LSD(0.05) 0.3185   
Source Degrees of 
Freedom 
Sum of 
squares 
Mean 
Squares 
V.r  F. pr 
Replication 2 562.23      281.11     4.82  
Treatment 4 189.46       47.37     0.81 0.552 
Error 8 466.90       58.36   
Total 14 1218.59    
Grand   17     
CV % 45 LSD(0.05) 14   
Source Degrees of 
Freedom 
Sum of 
squares 
Mean 
Squares 
V.r  F. pr 
Replication 2 53.29       26.65     0.89  
Treatment 4 988.14      247.04 8.24   0.006 
Error 8 239.88 29.99   
Total 14 1281.32    
Grand   44     
CV % 13 LSD(0.05) 11   
Source Degrees of 
Freedom 
Sum of 
squares 
Mean 
Squares 
V.r F. pr 
Replication 2 26518 13259 0.01  
Treatment 4 7584230 1896057 1.63 0.257 
Error 8 9282551 1160319   
Total 14 16893299    
Grand 5316     
CV % 20 LSD(0.05) 2028   
186 
 
ANOVA TABLE: Final maize grain yield after succeeding buckwheat on-station site 
 
 
 
 
PROFITABILITY OF MANAGEMENT STRATEGIES IN THE BUCKWHEAT TRIAL ONLY 
CONDUCTED IN ONE SEASON 2008/09 AT UNIVERSITY OF FORT HARE RESEARCH FARM 
(ON-STATION)  
sole maize cropping system following weeds  
    Unit Quantity cost/unit Amount 
      R/unit R/ha 
Gross Income (A) Sales of grain Tonnes 2.4 2240 5376 
 
Variable costs seed maize kg 15 63.84 957.6 
  basal  kg 500 5.84 2920 
  weeding  hr 286 3.75 1071 
  glyphosate  L 5 35.6 178 
  harvesting hr 300 3.25 975 
  transport cost items 10 5 50 
  ploughing     200 
  discing     150 
  Killing weeds prior maize planting  150 
  planting     200 
  Rolling maize residues after harvesting grain 150 
Total variable costs(B)     7002 
Gross Margin(A – B)     -1626 
Gross Margin per R100 variable cost    77 
                
 
 
 
 
 
 
 
 
 
 
Source Degrees of 
Freedom 
Sum of 
squares 
Mean 
Squares 
V.r  F. pr 
Replication 2 46013 23007 0.17  
Treatment 4 302763 75691 0.55   0.702 
Error 8 1091481 136435   
Total 14 1440257    
Grand   2394     
CV % 15 LSD(0.05) 696   
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Buckwheat managed by rolling plus herbicide followed by maize planting (main crop) 
    unit Quantity cost/unit Amount 
      R/unit R/ha 
Gross Income (A) Sales of grain Tonnes 2.4 2240 5376 
        
Variable costs seed maize kg 15 63.84 957.6 
                  Buckwheat kg 30 14.74 442.2 
  basal  kg 650 5.84 3796 
  glyphosate L 5L 35.6 178 
  weeding  hr 200 3.75 750 
  harvesting hr 40 3.75 975 
  transport cost items 10 5 50 
  planting buckwheat    200 
   Maize between/on-rows of buckwheat 
residues  
 
200 
  killing buckwheat by rolling + herbicide spray 300 
  Rolling maize residues after harvesting grain 150 
Total variable costs (B)  `   7999 
Gross Margin (A – B)    -2623 
Gross Margin per R100 variable cost    67 
 
 
Buckwheat managed by cutting followed by maize planting (main crop) 
    unit Quantity cost/unit Amount 
      R/unit R/ha 
Gross Income (A) Sales of grain Tonnes 2.9 2240 5376 
        
Variable costs seed maize kg 15 63.84 957.6 
                  Buckwheat kg 30 14.74 442.2 
  basal  kg 650 5.84 3796 
  glyphosate L 5L 35.6 178 
  weeding  hr 200 3.75 750 
  harvesting hr 40 3.75 975 
  transport cost items 10 5 50 
  planting buckwheat    200 
   Maize between/on-rows of buckwheat 
residues  
 
200 
  killing buckwheat by cutting 150 
  Rolling maize residues after harvesting grain 240 
Total variable costs (B)  `   7959 
Gross Margin (A – B)    -2583 
Gross Margin per R100 variable cost    68 
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BUCKWHEAT TRIAL ON-FARM SITE MSOBOMBVU (MSBV) 
 
ANOVA TABLE: Weed species number at 45 days after planting (DAP) dry beans   
Source Degrees of 
Freedom 
Sum of 
squares 
Mean 
Squares 
V.r  F. pr 
Replication 2 0.03653 0.01826     0.20  
Treatment 4 0.74113     0.18528     2.07   0.178 
Error 8 0.71770     0.08971   
Total 14 1.49535    
Grand   2.145     
CV % 14 LSD(0.05) 0.5639   
 
 
ANOVA TABLE: Weed dry matter at 45 DAP dry beans  
Source Degrees of 
Freedom 
Sum of 
squares 
Mean 
Squares 
V.r  F. pr 
Replication 2 18.17 9.08     0.22  
Treatment 4 1427.49      356.87     8.74   0.005 
Error 8 326.59       40.82   
Total 14 1772.24    
Grand   44     
CV % 15 LSD(0.05) 12   
 
 
ANOVA TABLE: Sugar bean SPAD N at 45 DAP dry bean 
Source Degrees of 
Freedom 
Sum of 
squares 
Mean 
Squares 
V.r  F. pr 
Replication 2 33.29       26.65     0.89  
Treatment 4 988.14      247.04 8.24   0.326 
Error 8 239.88 29.99   
Total 14 1281.32    
Grand   1118     
CV % 23 LSD(0.05) 403   
 
 
 ANOVA TABLE: Sugar bean dry matter at 45 DAP dry bean 
Source Degrees of 
Freedom 
Sum of 
squares 
Mean 
Squares 
V.r  F. pr 
Replication 2 153420 76710 1.07  
Treatment 4 840871 210218 2.95 0.041 
Error 8 570952 71369   
Total 14 1565243    
Grand   1118     
CV % 23 LSD(0.05) 403   
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APPENDIX 6: INTERCROPPING TRIALS 
 
ANOVA TABLES FOR INTERCROPPING TRIALS 
 
 
ANOVA TABLE: Final cover crop dry matter yield in the intercropping trial in 2007/08-2008/09 
seasons at UFH site 
Source Degrees of 
Freedom 
Sum of 
squares 
Mean 
Squares 
Variance 
ratio 
 F. 
probability 
Replication 2 186091 93046         2.97  
Season 1 12607501 12607501 402.45   <.001 
Season.Planting time 2 113241771 56620886 1807.44 <.001 
Season.Intercropping 
pattern 
2 2496842 1248421 39.85   <.001 
Season. Cover crop 2 28595 14298 0.46   0.638 
Season.Intercropping 
time.Intercropping 
pattern 
2 982366 491183 15.68   <.001 
Season.Intercropping 
time.Cover crop 
2 162128 81064 2.59 0.092 
Season.Intercropping 
pattern.Cover crop 
2 14488 7244 0.23 0.795 
Season.Intercropping 
time.Intercropping 
pattern.Cover crop 
2 327928 163964 5.23   0.011 
Error 30 939797 31327   
Total 47 130987509    
Grand  mean 2752     
CV % 7 LSD(0.05) 148   
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ANOVA TABLE: Final maize dry matter yield in the intercropping trial in 2007/08-2008/09 
seasons at UFH site 
Source Degrees of 
Freedom 
Sum of 
squares 
Mean 
Square
s 
Varianc
e ratio 
 F. 
probabilit
y 
Replication 2 29993 14996 0.32  
System 1 172309 172309 3.70   0.063 
System.Season 2 1564952 782476 16.80   <.001 
System.Season.Planting time         2 805990 402995 8.65 <.001 
System.Season.Intcropping 
pattern 
 
2 217954 108977 2.34   0.112 
System.Season.Cover crop 2 278056 139028. 2.99 0.064 
System.Season.Planting 
time.Intercropping pattern 
 
2 434152 217076 4.66   0.016 
System.Season.Planting 
time.Cover crop     
2 61741 30870 0.66   0.522 
System.Season.Intercropping 
pattern.Cover crop 
2 285975 142987 3.07   0.059 
System.Season.Planting 
time.Intcropping pattern.Cover 
crop 
 
 59181 29590 0.64   0.536 
Error 34 1583495 46573   
Total 53 5493797    
Grand  mean 1446     
CV % 7 LSD(0.05) 148   
      
LSD (0.05) maximum-
mininimum replication 
310     
LSD (0.05)  maximum-
replication 
253     
LSD (0.05)  minimum-
replication 
358     
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ANOVA TABLE: Maize partial land equivalent ratio (PLER) in intercropping trial in  
2007/08-2008/09 seasons at UFH site 
 
Source Degrees of 
Freedom 
Sum of 
squares 
Mean 
Squares 
V.r  F. pr 
Replication 2 0.23144     0.11572     7.80  
System 1 0.12262     0.12262     8.27   0.007 
System. Season 2 0.29764     0.14882    10.03   <.001 
System.Season.Intercropping 
time 
2 0.05329     0.02664     1.80   0.181 
System.Season.Intercropping 
pattern 
2 2.61083     1.30541    88.02   <.001 
System.Season.Cover crop 2 0.01261     0.00631     0.43   0.657 
System.Season. 
Intercropping time. 
Intercropping pattern. 
2 0.00560     0.00280     0.19   0.829 
System.Season. 
Intercropping time.Cover 
crop 
2 0.03085     0.01543     1.04   0.364 
System.Season.Intercropping 
pettern.Cover crop 
2 0.00624     0.00312     0.21   0.811 
System.Season.Intercropping 
time.Intercropping 
pattern.Cover crop 
2 0.01880     0.00940     0.63   0.537 
Error 34 0.50426     0.01483   
Total 53 3.89418    
Grand   2594     
CV % 15     
LSD (0.05) maximum-
mininimum replication 
0.1598     
LSD (0.05)  maximum-
replication 
0.1010     
LSD (0.05)  minimum-
replication 
0.2021     
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ANOVA TABLE: Maize grain yield in intercropping trial in 2007/08-2008/09  
seasons at UFH site 
Source Degrees of 
Freedom 
Sum of 
squares 
Mean 
Squares 
V.r  F. pr 
Replication 2 361624 180812 1.86  
System 1 1013948 1013948 10.46 0.003 
System. Season 2 4782698 2391349 24.66   <.001 
System.Season.Intercropping 
time 
2 407076 203538 2.10   0.138 
System.Season.Intercropping 
pattern 
2 23946191 11973095 123.46   <.001 
System.Season.Cover crop 2 119420 59710 0.62   0.546 
System.Season. 
Intercropping time. 
Intercropping pattern. 
2 47844 23922 0.25   0.783 
System.Season. 
Intercropping time.Cover 
crop 
2 285200 142600 1.47   0.244 
System.Season.Intercropping 
pettern.Cover crop 
2 45479 22739 0.23   0.792 
System.Season.Intercropping 
time.Intercropping 
pattern.Cover crop 
2 140800 70400 0.73   0.491 
Error 34 3297175 96976   
Total 53 34447456    
Grand   2594     
CV % 12     
LSD (0.05) maximum-
mininimum replication 
 409     
LSD (0.05)  maximum-
replication 
258     
LSD (0.05)  minimum-
replication 
517     
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Year   DRY 
SPELLS 
1974   5 
1975   8 
1976   7 
1977   5 
1978   8 
1979   9 
1980   11 
1981   6 
1982   26 
1983   9 
1984   10 
1985   7 
1986   4 
1987   19 
1988   10 
1989   8 
1990   8 
1991   11 
1992   12 
1993   6 
1994   7 
1995   14 
1996   8 
1997   8 
1998   11 
1999   8 
2000   8 
2001   11 
2002   5 
2003   13 
2004   12 
2005   14 
2006   13 
2007   12 
2008   9 
 0-10 11-20 21-30 
    
  11/34 1/34 
 19/34 32% 0.03% 
 56%   
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Daily rainfall data used in the rainfall probability analysis 1974/2008 
 
1974 JA
N 
FE
B 
MA
R 
APRL MAY JUN JUL
Y 
AGS
T 
SE
P 
OC
T 
NO
V 
DE
C 
1 0 1.5 32.5 0 0 1.5 0 0 2.5 0 18 0 
2 1 1.5 20.5 0 0 0 0 0 0.5 1.5 0 0.5 
3 0 6 58 0 2 0 0 0 0 0 18.5 0 
4 0 0 1.5 0 1.5 0 0 0   1 5.5 0 
5 5 0 0 0 0 0 0 0 3 0.5 0 0 
6 0 1 0 0 0 1 0 0 3.5 0 0 0 
7 0 3 0 0 0 0 0 0 0.5 0 17 0 
8 0 0 0 0 0 0 0 0 0 0 0 13 
9 0 0 0 0 0 0 0 1.5 0 0 0 0 
10 0 0 0 9 0 3 0 1 0 0 0 0 
11 0 0 0 0 6 2.5 0 0 0 0 0 0 
12 0 0 0 0 5 0 0 0 0 0 0 0 
13 0 0 5 2.5 0 1.5 0 0 0 2.5 0 0 
14 0 0 0 0 10 0 0 0 0 1 0 3 
15 4.5 1.5 3 1 17.5 0 0 22 0 0 0 0 
16 18 23 26 0 26.5 0 0 11 0 4.5 1 6 
17 2 0 4 0 6 0 0 7.5 0 0 0 4 
18 0 0 17 0 0 0 0 0 0 0 0 0.5 
19 0 0 0 0 0 0 0 0 0 0.5 0 0 
20 8 0 0 0 0 0 0 11.5 0 0 0 0 
21 9 5 0 0 0 0 0.5 42 0 0 0 0 
22 0 0 0 0 0 0 0 3.5 0 0 10.5 9 
23 38 5.5 0 0 3 0 0 0 0.5 0 12 0.5 
24 0.5 0 6.5 0 0 0 0 0 0 0 2.5 0 
25 0 2.5 7 0 0 0 0 1 0 0 0 0 
26 25 0 0 0 0 0 0 0 0 0 0 0 
27 0 9 9 0 0 0 0 0 0 0 8 0 
28 14 6.5 9.5 0 8.5 0 0 7.5 1.5 3.5 39 0 
29 6  0 0 0 14.5 0 0 0 0 0 0 
30 0  0 0 0 0 0 0 0 0 0 0 
31 0  16  2.5  0 0  0  0 
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1975 JA
N 
FE
B 
MA
R 
APRL MAY JUN JUL
Y 
AGS
T 
SE
P 
OC
T 
NOV DE
C 
1 0 0 0 2.5 0 0 0 0 0 0 0 0 
2 7 0 0 4 0 0 0 0 0 0 0 0 
3 0 0 4 0 0 0 0 0 20 0 0 0 
4 0 0 7 0 0 0 0 0 0.5 0 0 21 
5 0 4 0 0 0 0 0 0 0 0 0 14 
6 0 0 0 0 0 0 4 0 1 0 0 0 
7 0 0 0 0 0 0 0 0 0 0 0 0 
8 0 0 0 0 2.5 38 8 0 5.5 0 0 0 
9 0 0 4 0 0 24.5 0 0 0 0 0 0 
10 0.5 0 4.5 1.5 1.5 0 0 0 27.5 0 0 0 
11 0 13 0 0 0 0 0 0 7 0 0 0 
12 0 3 0 0 0 0 0 0 0 0 16 0 
13 0 0 0 0 0 0 0 0 0 0 0 29 
14 0 0 0 0 0 0 13 0 0 0 0 0 
15 0 0 0 0 0 0 0 0 0 0 0 0 
16 0 0 30 4.5 0 0 0 0 0 0 0 14 
17 0 0 1 0.5 0 0 0 0 0 0 1 4 
18 45 0 0 0 0 0 0 0 28 0 0 0 
19 0 3 1.5 0 0 0 0 0 5 0 0 0 
20 0 26 0 0 0 0 0 0 0 0 85 0 
21 0 2.5 0 5 0 0 0 0 0 0 0 34 
22 0 0 0 0 0 0 3.5 0 0 0 0 0 
23 0.5 0 0 0 0 0 2 0 0 0 2.5 0 
24 0 1.5 0 0 0 0 0 0 2 0 9 0 
25 7.5 1.5 0 0 6.5 0 0 0 1.5 0 9.5 0 
26 1 0 0 0 0 0 0 0 2 0 9.5 0 
27 26 0 0 0 0 0.5 0 0 2.5 0 0 0 
28 4.5 0 0 0 0 3 0 0 0 0 0 12 
29 1.5  0 0 0 0 0 0 0 0 0 0 
30 0  0 0 0 0 0 11.5 0 0 1.4 0 
31 0  5.5  0  0 37  0  0 
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1976 JA
N 
FE
B 
MA
R 
APRL MAY JUN JUL
Y 
AGS
T 
SE
P 
OC
T 
NO
V 
DE
C 
1 0 0 2 0 7 0 0 0 0 5 9 0 
2 0 0 0 0 10 1.5 0 0 0 0 0 0 
3 6.5 0 4 0 1 0 0 0 0 0 0 0 
4 0 5.5 0 0 0 0 0 0 0 0 0 0 
5 0 19 0 0 0 0 29 0 0 0 4 0 
6 0 26 11 0 0 0 0 0 0 0 0 0 
7 0 0 13 0 0 0 0 2 1 0 0 0 
8 0 0 0 1 0 0 0 0 0 4 11 0 
9 0 55 20 3 0 0 0 0 0 4 0 2 
10 0 19 0 0 0 0 0 0 0 5.5 0 0 
11 13 12 0 2 0 0 1 2 0 7 0 19 
12 0 0 0 0 0 0 0 0 0 1 0 0 
13 2.5 0 0 1 0 0 0 0 0 3.5 0 0 
14 0 2.5 0 2.5 0 0 12 0 0 0 0 0 
15 3.5 0 0 16 0 11 0.5 0 3 4.5 0 0 
16 0 0 0 0 2.5 0.5 0 0 0 0 0 0 
17 7 0 15 0 0 0 0 0 0 0 0 0 
18 0 0 32 0 0 0 0 0 0 0.5 0 0 
19 0 0 8 0 0 0 0 1 0 0 0 0 
20 0 17 10 0 0 0 0 0 11 0 20 0 
21 13 0 75 0 0 0 1.5 0 2 24 0 0 
22 0 0 0 0 0 0 0 0 0.5 15 0 0 
23 0 0 0 0 0 0 0 4 1.5 0 0 0 
24 0 3 0 0 1 0 1 0 0 1 0 0 
25 15 0 0 0 0.5 0.5 0 0 0 0 0 16 
26 2 0 2 0 0 0 0 0 8 0.5 0 4.5 
27 3 0 0 0 0 0 1 0 6 7 0 0 
28 0 0 28 0 0 0 2.5 3.5 1 1 0 0 
29 0  0 0 0 0 0 1 6 20 0 0 
30 0  0 6 0 0 0 0 22 10 0 3.5 
31 0  0  0  0 0  0.5  3.5 
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1977 JA
N 
FE
B 
MA
R 
APRL MAY JUN JUL
Y 
AGS
T 
SE
P 
OC
T 
NO
V 
DE
C 
1 0 0 0 0 1.5 0 0.5 0 0 0 22.5 14 
2 0 0 0 0 12 0 0 0 0 1 7 0 
3 1 15 0 0 0 0 0 1 0 0 0 4 
4 2 6 0 0 0 0 0 0 0 0 14 0 
5 0 6.5 0 0 0 0 0 0 0 0 0 0 
6 0 4 0 15 29 0 0 0 0 2.5 0 0 
7 0 0 0 0 34 0 0 0 0 2 0.5 25 
8 1 0 0 0 0 0 0 0 0 0 13.5 0 
9 28 0 0 0 2.5 0 0 0 2.5 0 25 0 
10 0 0 0 0 0 0 0 20 0 0 0 0 
11 0 17 0 0 0 0 0 0.5 0 0 0 7 
12 6 24 0 0 0 0 0 0 0 0 0 0 
13 0 1.5 0 5 0 0 0 0 1.5 0 0.5 0 
14 0 0 1 0.5 0 0 0 0 0 0 2 2.5 
15 0 0 0 0 0 0 0 0 0 0 0 0 
16 0 0 0 6 0 0 0 0 0 7 0 0 
17 3 0 0 0 0 0 0 0 30 0 0 0 
18 1 6 0 0 0 0 0 0 2.5 0 0 6.5 
19 0 0 8 0 0 0 0 0 0 0 0 0 
20 1.5 8.5 0 0 0 0 0 0 0 0 0 0 
21 0 0 0 0 1.5 0 0 0 4 39 0 0 
22 0 0 0 0 1.5 0 0 0 0 13 0 13 
23 1 0 0 13 0 0 0 0 14 0 0 0 
24 0 1 0 28 0 0 0 0 1 2 0 0 
25 2 0 0 1 0 0 0 0 4 0 0 46 
26 4.5 0 0 0 0 0 0 0 15 0 0 10 
27 0 0 0 0 2 0 0 0 0.5 0 3 0 
28 8 70 0 0 0 0 0 0 0 12 30.5                                                                                                                              
29 0  0 0 0 0 0 0 0 0.5 7.5 8 
30 0  0 0 0 5.5 0 0 0 0.5 9.5 78 
31 0  0  0  0 0  0  95 
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1978 JA
N 
FE
B 
MA
R 
APRL MAY JUN JUL
Y 
AGS
T 
SE
P 
OC
T 
NO
V 
DE
C 
1 0 0.5 0 0 0 0 0 0 0 0.5 0 4.5 
2 0 0 0 0 0 0 0 0 0 9.5 0 0 
3 0 0 1 0 0 0 0 0 0 4 0 0 
4 0 1.5 0 3 0 0 0 0 0 0.5 2.5 7 
5 2.5 0 1 0 0 0 0 0 0 0 0 15 
6 5 0 0 0 0 0 0 0 0 0 0 8 
7 0 1 0 3 0 0 0 0 0 0 0 4 
8 6.5 0 0 6 0 0 0 0 0 0 15 0 
9 0 0 0 0 0 24 0 0 0 0 0 0 
10 8 0 0.5 0 0 7 0 0 0 0 0 0 
11 3 0 0 0 0 0 0 0 0 0 0 0 
12 5 0 0 0 0 0 0 0 0 13 0 3 
13 0 0 0 1.5 0 0 0 0 3.5 0 0 0 
14 0 0 0 4 0 0 0 0 2.5 0 0 0 
15 0 0 0 1 0 0 0 0 0 14 0 0 
16 0 0 0 0 0 0 0 0 0 0 0 0 
17 0 0 0 17 0 0 0 17 0 0 1 0 
18 0 0 4.5 5 0 0 0 2.5 0 0 0 0 
19 0 2.5 1.5 44 0 0.5 0 0 0 0 0 0 
20 0 1 0 2.5 0 0 0 0 0 12 0 2 
21 5 0.5 0 0 0 0 0 0 0 5.5 0 0 
22 7.5 0 0 0 0 0 0 1.5 0 0 0 0 
23 0 0 0 7 0 0 0 11 0 0 0 0 
24 0 1 7 0 0 0 0 0 0 0 0 0.5 
25 0 0 7.5 0 0 0 0 0 0 0 0 0 
26 1 0.5 0 0 0 0 0 0 0 0 0 3.5 
27 6 0 0 0 0 0 0 3.5 0 0 0 0 
28 0 0 0.5 14 0 2 0 3 0 0 0 0 
29 0  3 4 12 0 0 0 0 22 8 0 
30 0  0 5.5 0 0 0 0 1.5 4.5 0 0 
31 2  0  1.5  0 2.5  0  0 
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1979 JA
N 
FE
B 
MA
R 
APRL MAY JU
N 
JUL
Y 
AGS
T 
SE
P 
OC
T 
NO
V 
DE
C 
1 4 0 0 0 0 0 0 0 0 0 0 0 
2 4 0 0 0 0 0 0 0 0 0 0 0 
3 18 0 1.5 0 0 0 0 0 0 0 4 0 
4 0 0 0 0 2 0 1.5 0 2 0 0 0 
5 0 6 0 0 10 0 0.5 0 0 0 0 0 
6 0 0 0 0 0.5 0 0 0 0 0 0 0 
7 10 0 0 0 2 0 0 0 0 1 0 0 
8 0 0 0 0 0 0 0 4.5 0 4.5 0 0 
9 0 1.5 0 0 0 7 0 2.5 0 15 0 0 
10 0 0.5 1.5 0 0 0 0 0.5 0 1.5 0 0 
11 0 0 0 0.5 0 0 0 0 0 0 2 0 
12 0 0 0 1 0 0 0 0 1 0 8 0 
13 0 1 0 0 0 0 2 0 14 0 3 30 
14 0 0 0 0 0 0 0 1.5 0 1 0 0 
15 0 0 45 6.5 0 0 0 0 0 0 0 0 
16 0 0 0 0 0 0 0 0 0 9 0 0 
17 1.5 0 0 0.5 0 0 17 7.5 0 9 0.5 0 
18 0 0 0 0 2.5 0 50 96 0 10 21 0 
19 7 8 0 0 5 0 20 28 0 0 11 0 
20 2.5 0 0 0 0 0 13 0 0 0 0 0 
21 0 22 0 0 2.5 0 17 0 0 0 0 0 
22 0 2.5 0 0 10 3 4.5 0 0 0 0 6 
23 0 0 0 2.5 9 0 0 2 0.5 0 0 0 
24 0 0 0 0 0.5 0 0 0 0 0 0 0 
25 0 0 15 0 1 0 0 0 0 0 3 11 
26 1 1 0 0 0 0 0 0 6 1 0 14 
27 0.5 16 0 0 1.5 0 0 1 0 0 0 0 
28 0 7 28 0 0 0 0 0 0 1 0 0 
29 0.5  0 0 0 0 0 0 0 0 0 0 
30 35  0 0 0 0 0 5 0 0 0 0 
31 0.5  0  0  0 5.5  0  0 
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1980 JA
N 
FE
B 
MA
R 
APRL MAY JUN JUL
Y 
AGS
T 
SE
P 
OC
T 
NO
V 
DE
C 
1 0 0 0.5 26 0 0 0 0 0 3.5 5 2 
2 0 0 0 0 0 0 0 0 0 2 0 12 
3 0 0 0 0 0 0 0 1 10 0 0 28 
4 0 0 0 0 0 0 0 2 3.5 0 6.5 2 
5 1 0 0 0.5 0 0 0 0 0 0 0 0 
6 0 2 0 5 0 0 0 0 0 0 2 0 
7 0 0.5 5 0 0 0 0 0 0 0 0 0 
8 0 10 16 0 0 0 0 0 0 0 0 15 
9 1 0 2 0 0 0 0 0 22 0 22 0 
10 0 0 1 0 0 0 0 1.5 12 0 0 0 
11 0 0 0 2.5 0 0 0 6.5 0 0 0 0 
12 0 0 0 10 0 3 0 12.5 0 0 0 0 
13 0 0 0 0 0 0 0 1 0 0 0 0.5 
14 0 0 0 0 0 0 0 0 0 0 8 0 
15 0 0 15.5 0 0 0 0 0 0 0 0 0.5 
16 0 0 25 0 0 0 0 0.5 0 0 4 0 
17 0 0 4.5 0 0 1 0 0 0 0 1 0 
18 0 0 0.5 4 0 0 3.5 0 0 7 0 5 
19 0 0.5 0 0 0 0 0 0 0 14 0 4.5 
20 0 0 0 0 0 0 0 0 0 2.5 0 0 
21 10 0 0 0 0 0 0 0 1 22 0 0 
22 3 0 0 0 0 0 0 1 0 0 0 0 
23 10 13 4 0 0 6.5 0 0 1.5 0 0 0 
24 0.5 0.5 0 0 0 0 0 0 0 0 0 0 
25 0 4 0 0 0 0 1 0 2 0 1 0 
26 0.5 0 0 1.5 2 0 0 0 0 0 0 0 
27 0 1.5 0 0 0 0 0 0 0 0 0.5 0 
28 0 16 0 0 4 0 0 0 0 0 10.5 1 
29 4  0 0 0 1 0 0.5 4.5 0 4 9 
30 0  0 0 0 0 0 0 2.2 0 15 7 
31 0  0  0  0 0 3.5 0  0 
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1981 JA
N 
FE
B 
MA
R 
APRL MAY JUN JUL
Y 
AGS
T 
SE
P 
OC
T 
NOV DE
C 
1 0 0.5 0 0 0 0 0 0 0 0.5 0 4.5 
2 0 0 0 0 0 0 0 0 0 9.5 0 0 
3 0 0 1 0 0 0 0 0 0 4 0 0 
4 0 1.5 0 3 0 0 0 0 0 0.5 2.5 7 
5 2.5 0 1 0 0 0 0 0 0 0 0 15 
6 5 0 0 0 0 0 0 0 0 0 0 8 
7 0 1 0 3 0 0 0 0 0 0 0 4 
8 6.5 0 0 6 0 0 0 0 0 0 15 0 
9 0 0 0 0 0 24 0 0 0 0 0 0 
10 8 0 0.5 0 0 7 0 0 0 0 0 0 
11 3 0 0 0 0 0 0 0 0 0 0 0 
12 5 0 0 0 0 0 0 0 0 13 0 3 
13 0 0 0 1.5 0 0 0 0 3.5 0 0 0 
14 0 0 0 4 0 0 0 0 2.5 0 0 0 
15 0 0 0 1 0 0 0 0 0 14 0 0 
16 0 0 0 0 0 0 0 0 0 0 0 0 
17 0 0 0 17 0 0 0 17 0 0 1 0 
18 0 0 4.5 5 0 0 0 2.5 0 0 0 0 
19 0 2.5 1.5 44 0 0.5 0 0 0 0 0 0 
20 0 1 0 2.5 0 0 0 0 0 12 0 2 
21 5 0.5 0 0 0 0 0 0 0 5.5 0 0 
22 7.5 0 0 0 0 0 0 1.5 0 0 0 0 
23 0 0 0 7 0 0 0 11 0 0 0 0 
24 0 1 7 0 0 0 0 0 0 0 0 0.5 
25 0 0 7.5 0 0 0 0 0 0 0 0 0 
26 1 0.5 0 0 0 0 0 0 0 0 0 3.5 
27 6 0 0 0 0 0 0 3.5 0 0 0 0 
28 0 0 0.5 14 0 2 0 3 0 0 0 0 
29 0  3 4 12 0 0 0 0 22 8 0 
30 0  0 5.5 0 0 0 0 1.5 4.5 0 0 
31 2  0  1.5  0 2.5  0  0 
 3.5            
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1982 JA
N 
FE
B 
MA
R 
APRL MAY JU
N 
JUL
Y 
AGS
T 
SE
P 
OC
T 
NO
V 
DE
C 
1 0 0 0 0 1 0 0 0 0 0 2 0 
2 0 0 0 2 0 0 0 5.5 0 0 0 0 
3 0 0 0 0 1 0 0 0 0 0 0 0 
4 0 0 0 4 0 0 0 0 0 0 0 0 
5 0 0 1 0 0 0 0 0 0 0 8 0 
6 4 0 40 0 0 0 22 0 10 0 2 0 
7 0 0 0 0 0 0 9 0 1.5 0 3 0 
8 0 25 0 0 0 0 0 0 9 0 0 0 
9 0 2.5 0 0 0 5 0 0 0 0 0 0 
10 0 0 0 2.5 0 4 0 0 4 0 5 0 
11 2 0 0 0 0 0 0 0 0 0 35 3 
12 4.5 0 0 3 0 0 0 0 0 0 0 0 
13 0 0 1 5.5 0 0 0 3 0 0 2 0 
14 1 0 1.5 0 0 0 0 0 0 0 2 0 
15 0 1 8 0 0 0.5 0 0 0 0 0 0 
16 0 11 0 0 0 0 0 0 0 0 0 4 
17 0 2 2 0 0 4 0 0 0 0 0 1.5 
18 0 3.5 1 0 0 48 0 0 0 0 0 2 
19 0 1 2.5 1 0 1.5 0 0 0 0 0 0 
20 0 0 0 10 0 0 1.5 0 0.5 0 0 0 
21 1 1 0 0.5 0 5 0 0 11 0 0 0 
22 0 0 0 0 0 0 0 0 0 3.4 0 0 
23 0 0 10 0 0 0 0 0 0 8 0 0 
24 1 0 0.5 0 0 0 0 0 0 0.5 0 0 
25 0 0 0 0 0 0 0 0 0 0 0 2 
26 0 0 0 0 0 0 0 2 0 0 15 0 
27 0 8 0.5 0 0 0 0 0 0 0 2 0 
28 0 0.5 0 0 0 0 0 0 0 0 5 0 
29 0  0 0 0 0 0 0 0 0 3 0 
30 0  3 18 0 0 0 0 0 3.5 0 1 
31 0  0  0  2 0  2  0.5 
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1983 JAN FE
B 
MA
R 
APRL MAY JUN JUL
Y 
AGS
T 
SE
P 
OC
T 
NO
V 
DE
C 
1 0 22 5 0 0 0 0 0 0 0 0 0 
2 0 0 0 0 0 0 0 0 0 45 0 0 
3 0 0 0 0 0 0 0 0 0 3.5 1.8 0 
4 0 0 0 5.5 0 0 0 0 0 0 10.5 0 
5 0 0 0 0 0 0 3 0 0 0.5 29 17 
6 0 0 0 0 0 0 0 0 0 1 0 0 
7 0 0 0 0 0 0 0 0 4 0 6.5 0 
8 0 0 0 7 0 0 0 2 8 0 0.2 0 
9 0 0 0 0 0 0 0 0 10 0 0 15 
10 0 0 0 0 0 1.5 0 0 0 2.5 0 2 
11 1.8 0 0 0 0 0 0 0 0 0 0 5 
12 0 0 1 0 0 1.5 0 0 0 0 0 3 
13 0 0 0 0 5 0 0 0 0 0 0 0 
14 0 0 0 0 0 0 0 0 0 4.5 0 0 
15 0 0 0 3 5 0 0 0 0 3 0 0 
16 0 0 0 0 5 9 0 0 0 0 0 0 
17 0 0 11 0 0 3 0 0 0 8 0 0 
18 16 0 0 0 0 0 0 0 0 6 0 0 
19 0 0 0 0 3 0 0 0 0 0 0 0 
20 0 0 0 0 0 0 0 0 8 0 55 0 
21 0 0 0 0 0 0 0 0 12 0 0.2 15 
22 0 0 0 0 0 0 0 0 7 0 0 0 
23 0 0 0 0 0 0 0 0 3.5 14 0 0 
24 0 0 0 0 0 0 16 0 1.5 0 0 0 
25 0 0 0 0 0 0 8 0 0 0 24 0 
26 0 5 0 0 1.5 0 1.5 0 0 0 1 0 
27 0 0 0 11 0 1 14 0 0 0 1.2 0 
28 1.5 0 0 0 0 4 1.5 0 0 0 0 0 
29 0  1.5 0 0 0 0 0 0 0.5 0 42 
30 0  0 0 0 0 0 0 0 0 0 0 
31 1  0  0  0 0  0  0 
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1984 JA
N 
FE
B 
MA
R 
APRL MAY JUN JUL
Y 
AGS
T 
SE
P 
OC
T 
NOV DE
C 
1 0 22 5 0 0 0 0 0 0 0 0 0 
2 14 0 0 0 0 0 0 0 0 45 0 0 
3 0 0 0 0 0 0 0 0 0 3.5 1.8 0 
4 0 0 0 5.5 0 0 0 0 0 0 10.5 0 
5 0 0 0 0 0 0 3 0 0 0.5 29 17 
6 0 0 0 0 0 0 0 0 0 1 0 0 
7 1 0 0 0 0 0 0 0 4 0 6.5 0 
8 0 0 0 7 0 0 0 2 8 0 0.2 0 
9 0 0 0 0 0 0 0 0 10 0 0 15 
10 0 0 0 0 0 1.5 0 0 0 2.5 0 2 
11 12 0 0 0 0 0 0 0 0 0 0 5 
12 12 0 1 0 0 1.5 0 0 0 0 0 3 
13 0.5 0 0 0 5 0 0 0 0 0 0 0 
14 0 0 0 0 0 0 0 0 0 4.5 0 0 
15 0 0 0 3 5 0 0 0 0 3 0 0 
16 0 0 0 0 5 9 0 0 0 0 0 0 
17 0 0 11 0 0 3 0 0 0 8 0 0 
18 0 0 0 0 0 0 0 0 0 6 0 0 
19 0 0 0 0 3 0 0 0 0 0 0 0 
20 0 0 0 0 0 0 0 0 8 0 55 0 
21 4 0 0 0 0 0 0 0 12 0 0.2 15 
22 0 0 0 0 0 0 0 0 7 0 0 0 
23 0 0 0 0 0 0 0 0 3.5 14 0 0 
24 0 0 0 0 0 0 16 0 1.5 0 0 0 
25 0 0 0 0 0 0 8 0 0 0 24 0 
26 0 5 0 0 1.5 0 1.5 0 0 0 1 0 
27 0 0 0 11 0 1 14 0 0 0 1.2 0 
28 0 0 0 0 0 4 1.5 0 0 0 0 0 
29 6  1.5 0 0 0 0 0 0 0.5 0 42 
30 0  0 0 0 0 0 0 0 0 0 0 
31 0  0  0  0 0  0  0 
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1985 JA
N 
FE
B 
MA
R 
APRL MAY JUN JUL
Y 
AGS
T 
SE
P 
OC
T 
NOV DE
C 
1 0 0 0 0 0 0 0 12 4 0 1.5 0.2 
2 0.8 0.5 7 0 3.2 0 0 0 0 0 35 0 
3 3 0 0 0 12 0 0 0 0 0 0 1.3 
4 0 0 0 0 0 0 0 0.5 0 18 0 7 
5 0 0 0 0 10 0 0 0 0 24 0 0 
6 0 0 1 5 0 0 0 0 3.5 0 0 16 
7 9 1 18 0 0 0 0 0 0 0 3.2 0 
8 0 0 12 9.5 0 0 0 0 0 1.5 0 0 
9 13 0 0 26 0 0 0 0 0 1 0 0 
10 1.9 0 0 10 0 0 0 0 0 0 0 0 
11 0 0 5 0 0 0 0 2 0 0 0 0 
12 0 0 2 0 0 0 0 0 0 0 0 0 
13 5.6 0 5 0 0 7 0 0 0 1.5 6 0 
14 18 1 0 0 0 5 0 0 9.8 6 1 6.5 
15 3.5 0 0 0 0 0 0 0 1 0 0 0 
16 0.5 0 0 0 0 0 0 0 0 0 3 0 
17 0 0 0 0 1.8 0 0 0 0 0 14 0 
18 0 0.5 0 0 0 0 0 0 0 0 2.5 0 
19 0 5 0 0 0 0 0 0 0 0 3.5 0 
20 0 4 0.8 0 0 4.8 0 0 0 15 1.3 0 
21 0 0 5 0 0 6 0 0 0 0 0 0 
22 0 0 7 0 0 0 0 0 0 0 4.5 0 
23 3.5 0.5 0 0 0 0 10 0 0 0 0 0 
24 0.2 14 0 0 0 0 2 0 0 0 0 6 
25 0 0 0 0 0 0 3 0 0 0 0 10 
26 0 0 0 0 0 0 0 1 0 0 0 0.5 
27 0.6 0 0 7 0 0 0 0.8 2.5 0 0 0 
28 0 1.5 0 0 0 0 0 0 0 0 0 0 
29 7.5  2 0 1.5 0 0 0 0 0 0 0 
30 0  1.8 0 7 0 6 0 0 36 62.9 0 
31 0  0  0  0 0  5  0 
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1986 JA
N 
FE
B 
MA
R 
APRL MAY JUN JUL
Y 
AGS
T 
SE
P 
OC
T 
NOV DE
C 
1 0 0 6.5 0 0 2 0 0 0 0 8 0 
2 0.8 17 0 0 0 0 0 0 0 0 105 10 
3 3 0 0 0 0 0 0 0 0 0 3.2 49 
4 0 0 0 0 0 0 0 0 0 0 0 23 
5 0 18 0 0 0 0 0 0 0 0 0 0 
6 0 0.8 0 14 0 0 0 0 0 0.5 8 21 
7 9 15 0 12 0 0 0 0 0.6 0 18.8 12 
8 0 12 0 0 0 0 0.5 0 0.2 10 32 24 
9 12 15 0 0 0 0 0 0 0 2 21 10 
10 1.9 0.4 2.2 0 5 0 0 0 1 0 0 0 
11 0 0 0 0 0 2.5 0 0 0 0 0 0 
12 0 0 0 0 0 0 0 0 3 0 0 0 
13 5.6 0 0 0 2 0 0 0 0 0.2 0 0 
14 18 0 5.8 0 0 0 0 0 0 15 0 0 
15 3.5 0 0 0 0 1.5 0 0 12 13 0 1 
16 0.5 0 0 0 0 0 0 0 1 0.6 0 0 
17 0 0.5 0 0 0 0 0 0 0 0 0 3.5 
18 0 0.3 0 0 0 0 0 0 0 0 0 0 
19 0 0 0 0 0 0 0 4.5 0 0 0 0.5 
20 0 0 0 0 0 0 0 0.25 0 0 0 0 
21 0 2.9 0 8 0 0 0 0 0 0 0 0.5 
22 0 26 0 0 0 0 0 0 0 0 0 38 
23 3.5 0.2 0 0 0 0 0 0 0 0 0 16 
24 0.2 0 0 0 0 4 0 0 0 0 0 0 
25 0 0 0 0 0 0 0 0 0.2 0 7 0 
26 0 0 0 0 0 0 1 0 0 2.5 3 0 
27 0.6 0 0 0 0 0 0 0 0 3 0 6 
28 0 1.2 0 0 0 0 0 0 0 4 0.1 0 
29 7.5  0 0 0 0 0 0 0 26 0 0 
30 0  0 0 0 0 0 0 0 18 0 0 
31 0  0  7  0 0  3  0 
            0 
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1987 JA
N 
FE
B 
MA
R 
APRL MAY JUN JUL
Y 
AGS
T 
SE
P 
OC
T 
NOV DE
C 
1 0 0 0 1.8 0 0 0 0 6 6 9.4 8.5 
2 0 6 0 0 0 0 0 0 5 0 1.9 3 
3 0 2 0 0 0 0 0 0 1.8 0 0 4.5 
4 44 0 0 0 0 0 0 0 1 0 30 0 
5 24 14 1.2 0 2.8 0 3 0 0 0 30 0 
6 10 1 0 0 2.8 0 1 0 1 8 0 0 
7 0 0 0 9 0 0 0 0 0 0 0 0 
8 0 0 0 0 0 6 1.8 0 0 0 0 0 
9 0 0 0 0 0 7 0 0 0 19 0 0 
10 0 0 9.9 1 0 3.5 0 0 0 3 0 2.2 
11 2 0 0 4 0 0 0 0 0 7.5 0 0 
12 0.5 0 11.5 0 0 0 0 0 0 0.5 6.5 0 
13 0 0 17.5 3 0 0 0 0 0 0 21 0.5 
14 0 0 0 0 0 1 0 0 0 0 0 0 
15 0 0 0 0 0 0 0 0 0 6.5 0 0 
16 1.5 0 2.1 0 0 0 0 0 0 0 0 0 
17 0 0 0 0 0 0 0 0 0 6 0 0 
18 0 1.6 0 0 0 0 0 0 0 19 0 0 
19 0 0 0 0 0 0 0 0 2.5 9 0 9 
20 0 0 0 1.5 0 0 0 0 0 0 0 0 
21 1.8 0 0 2.5 0 0 0 1.8 0 0 0 0 
22 0 6 0 4 0 0 0 0 0 0 0 0 
23 5 0.8 0 1 0 0 0 0 0 0 0 0 
24 0 2.8 2 0 0 6.5 0 0 0 0 38 0 
25 1.2 14 0 0 0 0 0 0 0 0 2.5 0 
26 0 3 6 0 0 0 0 0 0 1 0 0 
27 0 2.5 0 0 0 0 0 1.5 7 0.5 0 1 
28 0 0 0 0 0 0 0 0 9 0 0 1 
29 4  0 18 0 0 2.5 0 4.5 0 12.5 1.5 
30 0  1.5 0 0 0 0 0 19 0 8.5 0 
31 0  0  0  0 9  5.5  0 
            0 
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1988 JA
N 
FE
B 
MA
R 
APRL MAY JUN JUL
Y 
AGS
T 
SE
P 
OC
T 
NOV DE
C 
1 0 0 0 1 0 0 0 0 0 0.3 0 22 
2 1.5 0 0 0 0 0.5 0 0 0 13 0 0 
3 0 0 3.5 0 0 0 0 0 0 0.3 0 0 
4 0 0 4 0 0 0 0 0 0 0 0 0 
5 0 0 0 0 0 1.2 0 0 1 0 0 0 
6 0.5 0 0 0 0 0 0 8 4 0 1 0 
7 8.5 0 0 0 0 0 0 0 0 0 2.5 4.5 
8 1.5 0 0 0 0 0 0 0 0 0 1 14 
9 0 0 1.5 0 0 0 0 0 3 0 0 0 
10 0 22 0 0 0 0 0 0 0 0 0 0 
11 0.5 22 0 0 0 0 0 0 0 0 0 0 
12 0.5 0 0 0 14.5 3.5 0 0 0 0 1 0 
13 0 0 0 3 2 0 0 1.2 0 1 1 3 
14 0 5 0 12 0 0 0 5.5 9 0 1 1.5 
15 3 0 0 4 0 0 0 0 0 0 5.5 0 
16 3.8 4.5 10 4 0 0 0 1 0 0 0 0 
17 0 0 0 0 0 0 0 0 1.8 0 0 2 
18 0 0 1.5 0 0 12.5 0 0 0 0 0 0 
19 4 0 1.8 0 0 2 0 0 0 0 0 0 
20 4 0 0 0 0 0 0 0 0 16 0 0 
21 0 0 12 8 0 0 10 0 0.5 0.5 0 0 
22 0 0 18 0 0 0 0 0 5 0 0 0 
23 0 1.5 0 0 0 0 0 0 9 0 0 0 
24 1 0 0 0 0 0 0 0 18 0 0 28 
25 0 0 0 0 0 0 0 6.5 0 0 0 0 
26 0 2.5 0 0 0 0 0 6 0 0 0 0 
27 0 0 0 0 4 0.5 0 0 6 1.5 0 0 
28 0 0 0 0 0 0 0 0 55 0 0 0 
29 0.2  0 0 0 0 0 0 7 0 2 0 
30 0  0 0 0 0 0 0 0.5 1.8 0 0 
31 0  0  0  0 0  0  0 
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1989 JA
N 
FE
B 
MA
R 
APRL MAY JUN JUL
Y 
AGS
T 
SE
P 
OC
T 
NOV DE
C 
1 0 2 0 0 0 0 0 0 0 0 0 0.8 
2 0 0 0 2.5 0 0 0 0 0 0 0 0 
3 1 0 0.5 0.5 0 0 0 0 0 0 0 0 
4 0 0 0 19.5 0 0 1.5 0 0.6 0 0 0 
5 0 0 0 6.5 0 0 4.8 0 11 0 0 0 
6 0 2.5 0 0 3.2 3 0 0 5 0 19.5 0 
7 4 4.5 54 5.5 0 0 0 0 0.3 0.2 0 20 
8 0 0.8 5 0 0 0 0 0 0 0 0 0 
9 0 0 0 0 0 0 0 0 0 0 0 0 
10 0 0 0 0 0 0 0 0 0 0 0 0 
11 0 0 0 0 0 0 1.5 0 0 0 0.6 0 
12 0 0 0 0 0 0 0 0 0 3.5 8 0.6 
13 0 0 0 0 0 0 0 0 3 6.6 0 8 
14 10 0 3 0 0 0 3.6 0 0 1.8 0 0 
15 0 0 0 0 0 0 10.5 0 0 1 0 0 
16 0 0 9 6 0 4.5 0 0 6.6 0 5.11 0 
17 0 0.8 0 0 0 0 0 0 12 0 0 1.5 
18 0 7 0 0 5.4 0 0 0 14 0 0 24 
19 0 10 0 2.8 0 0 0 0 9.5 5 5.4 4.5 
20 0 44 0 0 0 0 0 1.2 0 0 0 0 
21 14 15 0 0.5 0 0 0 0 0 0 0 0 
22 0 0 0 4 0 0 0 0 0 0 0 1.5 
23 0 7 0 0 0 0 0 0 0 0 0 0 
24 0 0 0 0 0 0 0 0 0 17 17 0 
25 0 3 0 0 0 0 0 0.5 0 6.5 6.5 0 
26 0 0 0 0 0 0 3.5 0 0 0 0 5.5 
27 0 0 2.8 0 0 0 0 0 0 0 0 40 
28 0 0 0 0 0 0 0 0 0 0 0 0 
29 0  0 0 24 5.2 0 2 0 0 0 0 
30 0  3 0 0 3 0 16 0 0 0 0 
31 0  0  0  0 0  0.8  0 
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1990 JA
N 
FE
B 
MA
R 
APRL MAY JUN JUL
Y 
AGS
T 
SE
P 
OC
T 
NOV DE
C 
1 6 0 0 0 0.5 0 0 3 0 1.5 0 2.5 
2 0 5.6 0.5 0 0 0 0 0 0 0 0 7 
3 0 0 7.2 0 0 0 0 0.8 0 0 0 0 
4 0 0 0.2 0 0 0 0 0 0 0 0 0 
5 4 4 0.3 0 0 0 1 0 0 0 0 6.8 
6 8.5 0 28 0 0 0 0 5 0 0 0 2 
7 0 0 0 0 0 0 0 1.5 0.1 0 11 0 
8 0 22 0 0 0 0 0 0 0 15 1.8 0 
9 0 0 0 0 0 0 0 0 0 0 0 0 
10 0 1 0 2.5 0 0 0 4 0 0 9 0 
11 0 7 0 6 0 0 0 1 0 1.5 2 0 
12 0 0 0 0 0 0 0 0 0 0.5 2.5 5.5 
13 0 0 30 0 0 0 0 0 0 0 0 0 
14 0 4.5 7.5 0 0 0 0 0 0 20 0 0 
15 0 0 7 0 0 0 0 0 0 0 0 15 
16 5 2.6 0 0 0 0 0 0.5 0 0 1.8 0 
17 0 0.8 0.5 3.2 0 0 0 1.5 0 0 0 16 
18 0 5 3.5 0 0 0 0 3.5 0 3 0 0 
19 1.5 0.8 0 0 0 0 0 3 0 12 0 0 
20 0 7 0 0 0 0 0 0 0 13 0 0 
21 0 0 0 0.8 0 2 0 0 0 0 0 0 
22 5 0 0 0 0 0.5 0 0 0 4.5 0 0 
23 0 0 4.5 1.8 0 0 0 0 4 2.5 0 0 
24 0 0 0 7 0 0 0 0 1.5 0 0 0 
25 0 0 0 0 0 0 0 0 0 15 1 0 
26 0 0 0.8 0 0 0 0 0 5 0 0 0 
27 0 0 0 3.8 0 0 0 0 7 0 2 0 
28 0 0 0 1.6 0 5.5 0 0 0 13 0 0 
29 0  0 0.3 0 1 0 0 0 28 0 0 
30   0.2 3 0 0.5 0 0 2.5 4 0 1 
31   5.2  0  0 0  0  5.5 
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1991 JAN FEB MA
R 
APRL MA
Y 
JU
N 
JUL
Y 
AGS
T 
SE
P 
OC
T 
NO
V 
DE
C 
1 0.5 0 0 0 0 0 0 0 1.5 0 1.5 0 
2 0 12 0 0 0 0 1 0 0 0 1.5 0 
3 0 0 0 0 0 0 0 0 0 0 0 0 
4 0 0 3 0 0 0 0 0 0 0 0 0 
5 0 0 0 0 0 0 0 0 0 1.8 0 0 
6 2.8 0 0 2.2 0 0 0 0 0 9 0 0 
7 0 0 0 0 0 7.5 0 20.5 0.2 2 7 0 
8 0 0 0 0 0 0 0 17 0 0 0.5 0 
9 16 0 0 0 0 1 1 8 0 0 0 0 
10 11 0 0 0 0 1.2 0 1.2 0 4 0 1.8 
11 0.5 2.5 0 0 3.5 0 0 0 1.5 0 20 2.5 
12 0 0 1 0 0 0 0 0 0 0 0 0 
13 0 0 3 0 0 4.5 0 0 0 1.8 0 12 
14 0 0 14 0 0 0.5 0 0 0 4 1 0 
15 14 0 0 5 0 0 0 0 0 5 0 0 
16 0 8 0 0 0 0 0 0 0 0 0 0 
17 0 0 0 0 0 3 0 0 0 0 0 0 
18 8 0 0 0 0 0 0 0 0 0 0 1.5 
19 2.8 0 9 0 0 0 0 0 3 0 2.5 1.5 
20 0 0 0 0 0 0 0 0 2.2 0 0 0.5 
21 0 0 0 0 0 0 0 0 2.5 0 0 0 
22 0 32 0 0 0 0 2 0 0 0 0 2.5 
23 0 15 0 0 0 0 0 0 0 5 0 0 
24 5 0 0 0 2.8 1 0 0 0 0 1 0 
25 0 0.5 0 0 0 0 0 0 0 2.2 0 0 
26 0 1 0 0 0 0 0 0 0 0 0 0 
27 0 0 0 2 0 0 0 2.5 0 0 0 0 
28 0 0.5 0 0 0 0 0 0 0 0 0 0.5 
29 0  0 0 0 0 0 0 0 0 0 2.2 
30   0 0 4 0 0 0 0 0 0 0 
31   0  0  0 0.5  13  0 
   0          
 
212 
 
199
2 
JA
N 
FE
B 
MAR APRL MAY JUN JUL
Y 
AGS
T 
SE
P 
OC
T 
NO
V 
DE
C 
1 0 0 0 0 0 0 0 0 1.5 0 1.5 0 
2 1 0 0 0 0 0 1 0 0 0 1.5 0 
3 0 0 1.5 0 5 0 0 0 0 0 0 0 
4 0 0 2 0 0 1 0 0 0 0 0 0 
5 0 1 0 0 0 0 0 0 0 1.8 0 0 
6 0 1 0 0 0 0 0 0 0 9 0 0 
7 0 0 0 3 0 0 0 20.5 0.2 2 7 0 
8 0 1 0 0 0 0 0 17 0 0 0.5 0 
9 5.5 1.5 0 0 0 0 1 8 0 0 0 0 
10 0 0 0 0 0 0 0 1.2 0 4 0 1.8 
11 0 1 0 5.8 0 0 0 0 1.5 0 20 2.5 
12 0 22 0 2 0 20 0 0 0 0 0 0 
13 7 0 0.5 5 0 4.8 0 0 0 1.8 0 12 
14 0 0 0 3 0 0 0 0 0 4 1 0 
15 0 0 0 0 0 0 0 0 0 5 0 0 
16 0 1.5 0 0 5 0 0 0 0 0 0 0 
17 0 0 0.5 0 0 0 0 0 0 0 0 0 
18 1 2 0 0 0 0 0 0 0 0 0 1.5 
19 0 0 0 0 0 0 0 0 3 0 2.5 1.5 
20 4 0 0 1 0 0 0 0 2.2 0 0 0.5 
21 0 0 1.5 0 0 0 0 0 2.5 0 0 0 
22 0 0 1 0 0 0 2 0 0 0 0 2.5 
23 0 0 0 0 0 0 0 0 0 5 0 0 
24 0 0 0 0 0 0 0 0 0 0 1 0 
25 0 0 0 0.5 0 0 0 0 0 2.2 0 0 
26 0 0 0 0 0 0 0 0 0 0 0 0 
27 2 10 0 1.5 0 0 0 2.5 0 0 0 0 
28 0 2.5 0 2.2 0 0 0 0 0 0 0 0.5 
29 0  4.8 5 0 0 0 0 0 0 0 2.2 
30 0  7 0 0 0 0 0 0 0 0 0 
31 0  4  0  0 0.5  13  0 
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1993 JA
N 
FE
B 
MA
R 
APRL MAY JUN JUL
Y 
AGS
T 
SE
P 
OC
T 
NOV DE
C 
1 0 0 0 0 3 0 0 0 0.5 0 0 0.5 
2 0 0 0 3 0 0 0 0 0 3 0 28 
3 0 9.8 0 0 0 0 0 0 0 4 0 52 
4 0 4.8 0 0 0 0 0 0 1 0 0 2 
5 0 0 0 0 0 0 0 0 0 0 5 0 
6 0 0 0 10 5 0 0 0 0 0 0 0 
7 0 0 0.5 14 4 1.5 0 0 0 0 0 0 
8 4 0 0 12 0 0 0 1.8 2.5 3 0 0 
9 0 0 0 0 0 0 0 0 0 0 0 1.5 
10 16 0 0 0 0 0 0 0 0 0 4.5 0 
11 2.5 17 0 0 0 0 0.5 0 0 0 38 0 
12 0 0 0.8 0 0 0 0 0 0 0 15 0 
13 0 0 0 0 0 0 0 0 0 0 0 0 
14 0 28 0 0 0 1.2 0 0 0 0 0 14 
15 0 5 1 3 0 0 0 8 0 0 0 0 
16 0 9 1 0 0 12 0 0 0 0 2.5 4 
17 0 0 0 0 0 11 0 0 0 0 0.5 8 
18 2.8 0.5 0 0 0 0.5 0 0 0 0 0 3 
19 0 0 0 0 0 0 0 0 0 0 42 0 
20 0 0 0 0 0 0 0 0 0 0 0.8 0 
21 0 0 7 0 0 0 1.5 0.25 0 0 0 0 
22 5.5 0 0 0 0 0 1 0 0 0 8 6 
23 0 0 0 0 0 0 0.5 0 0 3.5 0 0 
24 0 6.5 0 0 0 0 0 1.5 0 5 0 1 
25 0 4 0 0 0 0 0 1.5 5 0 0 2 
26 0 0 0 0 0 0 0 0 34 0 0 3.5 
27 5.5 0 0 0 0 0 0 0 1 0 3 1.5 
28 0.5 0 0 0 0 0 0 0 0 0 0 3.5 
29 0  0 0 0 0 0 0 0 8 0 16 
30 0  0 22 0 0 0 0 0 0 0 0 
31 4  0  0  0 3  0  0 
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1994 JA
N 
FE
B 
MA
R 
APRL MAY JUN JUL
Y 
AGS
T 
SE
P 
OC
T 
NOV DE
C 
1 0 0 1.5 0 0 0 0 0 0 0 0 0 
2 0 0 0.8 0 0 0 0 0 0 0 0 0 
3 0.5 1 32 0 0 0 0 12 0 3 0 0 
4 0 12 0 0 0 3 0 11 0 13 1 0 
5 0 8 0 0 0 6 0 0 0 0 0 0 
6 0 20 2 0 0 0 0 0 0 0 0 0 
7 28 2.5 20 0 0 0 0 0 0 0 0 0 
8 4 1 1 0 0 1.5 0 1 0 0 0 0 
9 7 0 0 0 0 3 0 0 0 0 0 18 
10 1 0 0 0 0 0 0 0 0 26 0 6 
11 0 4 0 0 0 0 0 0 0 4 0 0 
12 10 22 0 0 0 0 0 0 1.3 0 0 0 
13 0 0.5 0 0 0 0 0 0 0 0 0 0 
14 0 0 5 0 0 0 0 4.5 0.5 0 0 0 
15 0 0 0 0 0 0 0 0 0 0 5 0 
16 0 0 0 0 0 0 0 0 0 0 0 0 
17 0 0 0 0 0 0.5 0 0 0 0 0 0 
18 6 13 0 0 0 0 0 0 2 0 1.3 0 
19 0 0 0 0 0 0 0 1 0 0 0 0 
20 0 0 0 0 0 0 0 0 0 0 0.5 0 
21 30 0 0 0 1 0 0 0 0 11 1.2 0 
22 0 0 0 0 2 0 0 0 0 1.5 0 5 
23 1.5 0 0.5 0 0 0 0 0 2 3 0 11 
24 0 0 0 0 0 0 0 0 0 0 0 95 
25 0 0 0 0 0 0 5.5 0 0 0 0 0.8 
26 0 0 4 0 0 0 16 0 0 0 0 21 
27 0 0 0 0 0.5 0 1 0 0 0 0.5 11 
28 0 0 0 0 0 0 0 0 0 0 0.5 3.5 
29 0.5  0 0 0 0 0 0 0 0 0 0 
30 1  0 0 0 0 0 0 0.5 0 0 0 
31 4  0  0  0 0  0  0 
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1995 JA
N 
FE
B 
MA
R 
APRL MAY JUN JUL
Y 
AGS
T 
SE
P 
OC
T 
NOV DE
C 
1 0 2.5 6 0 0 0 0 0 0 12 0 0 
2 0 0 0 0 0 0 0 0 0 0 26 0 
3 0 0 0 7 0 0 0 0 1 4 1 0 
4 0 0 0 2 0 0 0 0 0 0 1 0 
5 0 0 5.5 0 0.5 0.5 0 0.5 0 0 0 17 
6 0 2 0 0 12 0 0 0 0 0 0 11 
7 0 0 0 0 0 0 0 0 0 0.5 0 0 
8 4 0 8 0 0 0 0 0 0 0 0 7 
9 0 0 0 10 0 0 0 0 0 0.5 0 0 
10 0 0 0 0 0 0 0 0 0 0 1 0 
11 0.5 0 34 0 0 0 0 0 0 0 0 1.5 
12 13 0 1.5 0 0 0 2.5 0 0 0 0 0 
13 1.5 4.5 0 0 0 0 0.25 0 0 0 0 0 
14 75 2.5 0 0 0 0 0 0 0 0 0 14 
15 9 0.5 0 0 0 0 0 0 0 0 0 5.5 
16 7.5 9 0 0 0 1.5 0 0 0 0 0 26 
17 4 8 0 0 0 5 2.8 0 9 0 1.5 2.5 
18 0.1 3 0 0 0 0 0 0 0.5 3 0 10 
19 0 0 11 0 0 0 0 0 0 2 0 28 
20 0 1.5 0.5 5 3.5 0 0 0 0.5 10 0 10 
21 0 0 0 0.5 1 0 1 0 0 0 0 0 
22 0 0 0.5 0 0 0 1 1 0 0 22 5.5 
23 0 0 0 0 0 0 0 0 1.3 13 2.5 1.5 
24 0 0 0 0 0 0 0 0 2 5.5 12 1 
25 0 1.5 0.5 0 0 0 0 0 0 0 0 90 
26 1 0 3.5 0 3 0 0 0 0 0 0.5 0 
27 0 0 5.5 0 0 0 0 0 0 0 0 8 
28 0 46 0 0 0 0 0 0 2 0 0 0 
29 0  0 0 0 0 0 0 0 0 0 0 
30 1  1 0 0 0 0 0 0 0 0 0 
31 0  0  1  0 0  0  0 
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1996 JA
N 
FE
B 
MA
R 
APRL MAY JUN JUL
Y 
AGS
T 
SE
P 
OC
T 
NOV DE
C 
1 0 0 0 1 0 0.3 0 0 0 0 0 0 
2 0 0 11 11 0 0 0 0 0 0 0 0 
3 0 0 8.5 0 0.5 0 0 0 0 0 0 0 
4 0 0 21 0 0 0 0 0 0 0.8 0.5 0 
5 1.5 0 1.5 0 0 0 0 0 0 0 8 0 
6 3 0 0 0 0.5 0 0 3 0 0 22 0 
7 1 0 0 0 0 0 2.8 3.2 0 0.5 16 10 
8 0 18 0 0 0 0 1.5 0.2 0 1 0 0 
9 0 1 1.5 1.8 0 0 1.2 0 0 0 0 4 
10 0 18 0 0.5 0 0 0 0 0 2 0 0 
11 0 2 0 0 0 0 0 0 0 0 4 0 
12 2.5 0 0.5 0 0 0 0 0 0 0 18 0 
13 0 0 0 0 0 0 0 0 0 0 7 0 
14 15 8 0 0 0 0 0 0 0 0 0 0 
15 0 0 0 0 0 0 0 0 0 3.2 0 0 
16 0.5 0 0 12 0 0 0 0 0 0 40 0 
17 0 0 0 0 0 0 0 0 3 0 6 0 
18 8 0 0 0.5 0 0 0 0 0 0 2.5 0 
19 1 0.5 0 5 0 0 0 3.3 0 7 0 0 
20 0 5 0 0 0 0 0 0 0 6.5 22 0 
21 0 13 0 0 0 0 0 0 0 0 12 0.5 
22 5.5 19 0 0 0 0 0 3 0 0.3 12.5 4 
23 5 1 9 0 0 0 0 0 1 4.5 14 0 
24 1.5 0 0 0 4.5 0 0 0 8.5 2.5 0 0 
25 0 3.5 0 0 5 0 0 0 0 0 2.3 0 
26 16 4 0 0 2.5 2.5 0 0 0 0 1.5 0 
27 1 0 0.5 0 0 1.8 0 0 0 2 0 8 
28 0 2 0 0 0 0 0 0 0 0.5 0 7 
29 0  0 0 0 0 0 0 0 0 20 7 
30 2  0 0 0 0 0 0 1.5 1 6.5 8 
31 0  20  0  0 0  0  12 
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1997 JA
N 
FE
B 
MA
R 
APRL MAY JUN JUL
Y 
AGS
T 
SE
P 
OC
T 
NOV DE
C 
1 0 0 2 2 4 0 0 0 0 0 0 0 
2 0 0 0 9 0 0 7 1 0 0 0 0 
3 5 2 0 2 0 0 6 0 0 0 3 0 
4 0 0 0 0.8 3 0 0 0 0 0 2.5 0 
5 0 0 0 7 3.5 0 0 0 0 0 0 0 
6 0 0 2 2 0 0 0 3 0 0 0 0 
7 0 0 0 0 1.5 0 0 0 0 0 0 0 
8 20 0 10 0 0 0 0 0 0 0 0 0 
9 0 0 0 57 0 0 1 1 0 0 0 0 
10 0 0 0 7.5 4 0 0 0 0 0 0 0 
11 0 0 10 8 2 7 0 2 0 0 0 2 
12 0 0 0 0.5 0 1 0 0 0 0 0 0 
13 0 4 15 0 0 38 0 0 0 0 0 0 
14 0 0 0 0 0 26 0 0 0 0 0 0 
15 10 2.5 0 0 0 20 0 0 0 0 0 0 
16 4.5 0.5 0 0 0 0 0 0 0 31 0.5 0 
17 1 0 0 0 0 0 0 0 0 2 0 4.5 
18 0 0 0 0 0 0 0 0 0 0 3 0 
19 0 0 0 5 0 0 0 0 0 0 4 0 
20 1 0 0 15 0 0 0 0 0 0 0 0 
21 0 1.5 0 0.5 0 0 0 0 0 0 0 0 
22 0 0 0 0 0 0 4.5 0 4.5 0 0 7 
23 1 0 3 0 0 0 0 0 1.5 0 0 0 
24 0 0 0 0 0 0 0 3 0 1.5 0 1 
25 2 0 0 6 0 0 6.5 0 0 0 0 11 
26 0 0 0 22 0 0 0 0 0 0 0 0 
27 0 0 0 0 0 0 0 0 0 3 5 0 
28 4.5 10 0 0 0 0 0 0 0 7 5 0 
29 1.5  0 0 16 0 0 0 3 2 9 2 
30 2  0 0 0 0 0 0 0 0 11 0 
31 0  10  0  0 1  0  0 
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1998 JA
N 
FE
B 
MA
R 
APRL MAY JUN JUL
Y 
AGS
T 
SE
P 
OC
T 
NOV DE
C 
1 3.5 0 26 2.5 0 0 0 0 0 3 0 1.5 
2 0 0 14 3 0 0 0.5 0 0 0 0 3.5 
3 0 0 1 0 0 0 0.8 0 0 0 0 5.5 
4 0 0 0 0 0 0 0 5 0 0 0 0 
5 0 0 0 0 8.5 0 0 4 4.5 0 0 0 
6 0 0 8 0 0 2 0 0 14 0 0 0 
7 10 0 0 0 0 0 0 0 0 0 0 2.5 
8 0.5 1.5 24 0 0 0 0 0 0 0 0 0 
9 0 1 0 0 1.5 0 0 0 0 3.5 0 0 
10 4 0 0 0 0 0 0 0 0 2 0 3 
11 0 0 0 0 0 0 0 0 1 0 0 0 
12 0 2 0 0 0 0 0 0 0 19 0 0.5 
13 0 0 4 0 0 0 0 0 0 0 0 0.5 
14 0 0 0 1 0 0 0 0.5 0 0 0 0 
15 0 0 0 1 0 0 0 0 0 10 0 10 
16 2 18 0 0 0 0 0 0 3 0 0 35 
17 0 15 0 0 0 0 0 0 5.5 0 0 4 
18 0 0 5 0 0 0 0 0 0 0 2 0 
19 0 0 1.5 0 0 0 3 0 0 0 3.5 0 
20 0 0 0 0 0 0 1.8 0 0 0 8 8 
21 0 2.5 0 0 0 0 0.5 6 0 0 6.5 0 
22 0 0 0.5 0 0 0 0 26 0 0 24 0 
23 0 3.5 7 20 0 0 0 4.5 0 0 0 0 
24 0 1 1 0 0 0 0 5 0 0 0 0 
25 0 0 7 0 0 0 0 0 0 0 0 6 
26 0 0 6 4 0 0 0 0 0 0 14.5 1 
27 0 0 0 0 2 0 0 0 0 3 6.5 0 
28 2 12 0 0 0 0 0 0 10 0 20 0 
29 0  4 0 0 0 0 0 0 0 9 7 
30 17  0 0 0 0 0 0 0 0 0 0.5 
31 13  5  0  0 0  1  0.5 
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1999 JA
N 
FE
B 
MA
R 
APRL MAY JUN JUL
Y 
AGS
T 
SE
P 
OC
T 
NOV DE
C 
1 0 0 2 0 0 0 0 7 2.5 5 0 0 
2 0 2 0 0 0 0 0 0 0 1.5 0 0 
3 0 12 3 1 0 0 1.5 0 0 5 0 0 
4 0 0.5 0 0 0 0 0 0 0 0 0 0 
5 0 0 0 0 0 1 0 0 0 0 0 0 
6 0 0 1 0 0 1.5 0 0 0 2 0 0 
7 8 0 0 0 0 0 0 0 0 0 0 0 
8 0 0 0 2.5 0 0 0 0 0 0 0 0 
9 0 0 11 11 1 0 0 0 0 0 0 0 
10 0 0 15 5 0 0 0 0 1 0 0 0 
11 46 0 0 4 0 0 0 0 0 0 0 0 
12 0 0 16 0 0 0 0 0 0 0 0 0 
13 0 0 5 0 0 0 0 0 0 0 0 0 
14 0 2 0 0 0 0 0 0 0 0 4.5 0 
15 0 0 0 0 13 0 0 0 0 0 2 0 
16 0 0 0 10 0 0 0 0 0 4.5 9 0 
17 0 0 0 0 0 0 0 0 0 0 0 0 
18 0 0 0 0 0 0 0 0 0 6.5 0 0 
19 3 0 0 4.5 0 1.5 0 0 0 1.5 0 0 
20 0 8 0 0 1 0 0 0 0 0 0 31 
21 2.5 0 17 0 0 0 0 0 0 6 0 10 
22 0.5 44 15 0 0 0 1 5 0 0 0 0 
23 0 0 1 0 0 0 0 0 0 0 4.5 4 
24 0 0 5 0 0 0 0 0 0 8 2 2.5 
25 0 0 0 0 0 0 0.5 0 0 0 12 0 
26 0 0 0 0 0 0 0 0 0 2 0 0 
27 0 0 0 0 0 0 0 0 9 0 0 0.8 
28 0 0 0 0 0 0 27 0 3 0 0 0 
29 0  0 0 0 0 14.5 0 0 0 0 12 
30 2  0 0 0 0 0 0 0 0 0 0 
31 0  0  0  13 0  0  5 
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2000 JA
N 
FE
B 
MA
R 
APRL MAY JUN JUL
Y 
AGS
T 
SE
P 
OC
T 
NOV DE
C 
1 0 0 0 0 9 0 0 0 0 0 26 0 
2 18 0 0.5 0 0 0 0 0 0 0 2 0 
3 4 2 25 0 0 0 0 0 0 0 0 0 
4 1.5 0 0.5 4 0 0 0 0 0 0 6.5 0 
5 0 0 0 15 0 0 0 0.4 0.5 0 0 0 
6 0 0 0 16 0 0 0 0 0 0 0 0 
7 0 0 0 0 0 0 0 0 0 0 8 0 
8 8.5 0 14 0 0 0 0 0 0 0 13 12 
9 0 0 0.5 0 0 0 0 0 0 8 2.5 3.5 
10 0 0 0 0 0 0 0 0 0 0.5 0 0 
11 0 0 5 0.8 0 0 0 0 0 3 0 2.5 
12 7 0 1.5 0 0 0 0 0 0 0 0 0 
13 4 13 0 0 4.5 0 0 0 0 0 48 0 
14 0 2 0 0 0 0 0 0 17 0 2 0 
15 0 1 14 0 0 0 0 0 4.8 8 0 0 
16 12 0 13 0 0 0 0 0 0 0.3 0 0 
17 4.5 0 3.5 0 0 0 0 0 30 0.4 0 0 
18 0 0 3 0 0 0 0 0 13 0 42 0 
19 0 0 16 8 0 4 0 0 7.5 0 14 0 
20 0 6 1 0 36 0 0 0 1 4.5 0 0 
21 0 0.5 0 0 0 0 0 0 0 0 0 0 
22 0 0 0 0 0 0 0 0 0 0 0 0 
23 0 6 0 0 0 0 0 0 0 0.5 0 0 
24 0 0.5 3.5 22 0 0 0 0.3 0 0 0 0 
25 0 0 0 0 0.5 10 0 0 1.5 1.8 0 9 
26 4 0 36 0 0 0 0 0 0 0 0 0 
27 0 4 23 0.8 0 0 0 0 0 0 1 0 
28 5.5 2 2.5 6 0 0 0 0 0 0 0 0 
29 24  3 0 0 0 0 0 0 0 0 0 
30 0  0 0 0 0 0 0 0 4 0 0 
31 0  1  0  0 0  1.7  0 
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2001 JAN FEB MAR APR
L 
MAY JUN JUL
Y 
AGS
T 
SEP OCT NOV DEC 
1 13 0 0 22 0 0 0 0 1.8 0 0 0 
2 3 0 0 9.8 0 0 0 0 7 0 2.2 100 
3 0 0 0 21 0 0 0 0 4 0 0 0 
4 0 0 0 0 0 0 0 0 0 0 0 0.8 
5 0 0 0 0 0 0 0 0 0 0 0 0.8 
6 0 0 0 0 0 0 0 10 0 0 17 32.5 
7 0 0.35 0 2.5 1 0 0 0 0 0 0 0 
8 0 0 2 3 0 1.2 0 0 0 2 0 0 
9 0 0 0 2.5 0 0 0 0 0 0 0 0 
10 0 0 0 8.5 0 0 0 0 0 0.5 0 0 
11 0 0 0 5 0 0 0 0 0 0 8.5 12 
12 0 0.8 0 0 0 0 0 4.5 0 0 1 7.5 
13 29 8 0 0 0 0 0 0 0 0 10 0 
14 10 1.35 0 7 0 0 0 0 6.5 0 0 0 
15 0 0 0 0 0 0 0 0 4.5 5 0 0 
16 0 0 10 2 0 0 0 0 3 0 0 0 
17 0 8 9 8 0 0 0 0 3 0.25 0.8 0 
18 0 0 23 2 0 0 0.6 0 0 3 1 7 
19 0 23.8 6 0 0 1.8 0 0 13 5.5 0 0 
20 0 1 0 0 0 0 0 0 2.5 0 0 0.5 
21 0 0 8 0 0 0 0 0 0 0 36 0 
22 0 0 0 2.5 0 0 5.5 0 0 0 0.5 0 
23 0 2 0 11 0 0 0 0 0 0 8 0 
24 8.5 0 0 0 0 0 14 0 3 0 0 0 
25 5 0 20 9 0 0 4 0 5.5 0 0 0 
26 0 0 2 0 0 1 0.5 0 0 0 1.5 5.5 
27 1 0 0 0 0 0 0 0 0 0.8 0 0.5 
28 6.4 0 0 0 0 0 0 0 21 0 1 0 
29 0  0 0 0 0 0 0 1.8 11 0 0 
30 0  0 0 3.3 0 0 0 0 0 0 0 
31 0  0  0  0 0  4  0 
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2002 JA
N 
FE
B 
MA
R 
APRL MAY JUN JUL
Y 
AGS
T 
SE
P 
OC
T 
NOV DE
C 
1 0 6.9 0 0 0 0 0 0 0 2.5 0 0 
2 12 0 14 0 1 3 0 0 0 0 0 0.8 
3 1 0 0 0 0 0 0 0 0 0 0 7 
4 0 0 0 0 0 0 0 0 0 0 0 14 
5 0 0 0 0 0 0 0 0 0 0 0 0 
6 0 0 0 0 0 0 0 0 9 0 10 0 
7 36 6.8 3.5 0.5 1.8 0 0 0 0 0 0 0 
8 4 0.6 8.5 0 3.25 0 0 0 0 0 0 0 
9 0 0 6 0 0.25 0 0 0 0 0 0 1.6 
10 0 0 0 0 0 0 0 0 14 0 1.8 3.4 
11 1.7 0 0 7 0 0 1.8 0 53 0 0 0 
12 0 4 0 23 0 0 1 0 2 0 0 5.5 
13 0 4.2 5 0 0 0 0 0 4 0 4 0 
14 0 3 0 0 0 0 0 0 0 0.8 20 0.5 
15 0 0.4 0 0 0 12 0 0 0 0 1.5 4 
16 0 0 0 0 0 0 0 10 0 0 0 1 
17 0.5 0 0 0 0 0 3.2 42 0 0 0 0 
18 10 0 0 0 0 0 3 5 0 0 0 0 
19 0 0 0 0 0 0 17 6 0 0 0 0 
20 0 0 0 2.3 0 0 22 10 0 0 0 0 
21 0 0 0 0 0 0 1.8 10.5 0.5 0 0 0 
22 0 1.8 0 0 0 0 0 0 0 0 0 0 
23 0 0 0 0 0 0 0 0 5.3 0 0.5 64 
24 7 0 0 0.25 0 0 0 0 0 12 2 0 
25 5 0 0 0 0 0 0 0 0 0 0 0 
26 1.8 0 0 0.8 0 0 0 6 0 0 0 0.5 
27 4.5 5 1.8 0 0 0 0 10 0 0.8 0 0 
28 4 0 4.5 0 0 0 0 0 0 2.2 0 0 
29 uu  3.8 0 0 0 0 0 0 0.5 0 0 
30 0  0 0 1.25 0 0 1 0 0 0 0.5 
31 4  0  0  0 0.5  0  1.5 
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2003 JAN FEB MAR APR
L 
MAY JUN JUL
Y 
AGS
T 
SEP OCT NOV DEC 
1 0 0 0 0 0.1 0 0 0 0 0 20 0 
2 0 0 0 3.5 0 0 1.4 0.5 0 0 2.8 0 
3 0 4 0 0 0 0.3 4.9 0 0 0 1 0 
4 3 0 0.2 0 2.2 1.2 0 0 0 0 0 0 
5 2.9 18 0.1 1.8 0 0 0 1 0 0 0 0 
6 0 0 4 0 0 0 0 0 3.5 0 10 0 
7 0.3 0 0 0.5 0 0.4 0 0 0 0 0 0 
8 1.5 10 0 0 0 0.2 0 0 0 0 0 0 
9 3.2 15 0 1 0 0 0 0 0 0 0 0 
10 0.5 0 0 0 1 0 0 3 0 0 0 0.6 
11 0 0 0 0 41 0 0 0 0 0 0 8 
12 0 0 0 0 7 0 0 10.5 0 0 3.5 0 
13 0 0 0 0 1 1.8 0 0 7 0 0 0 
14 0 0 0 2.5 1.5 0.5 0 0 5 0 0 0 
15 0 0 0 2.4 0 0 0 0 0 30 0 0 
16 0 0 0 0.8 0 0 0 0 0 0 5.8 0 
17 0 0 0 0.1 0 0 0 0 0 0 0 0 
18 0 0.7 0 0 4 0 0 0 0.3 5 0 0 
19 0 0 0 0 0 0 0 3.6 0 2 0 0 
20 1.2 0.3 18 0 0 0 0 1.7 0 0 0 0 
21 0 30 5.3 0 0 0 0 0 0 0 0 0 
22 0 0 0.5 0 0 0 0 0 0 0 0 5 
23 0 0 3.3 4.6 0 0 0 0 0 0 19 13 
24 0 0 0 12 1.9 0 0 0 0 0 0 0 
25 0 0.5 11.5 0.2 0 0 0 0 0 0 0 0 
26 0 1.8 0 0 7 0 0 6 0 2.5 2.8 4.8 
27 0 0 10 0 1.2 0 0 0 0 0 0 3.6 
28 0 0 0 0 1 0 0 0 0 0 2 0 
29 0  0 0.2 0 0 0 0 0 0 0 0 
30 0.2  0 0.8 0 1.5 0 0 0 0 6 0 
31 0  0  0  0 0  0  0 
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2004 JA
N 
FE
B 
MA
R 
APRL MAY JUN JUL
Y 
AGS
T 
SE
P 
OC
T 
NOV DE
C 
1 0 0 0 0 0 0 0 0 3.8 0 0 0 
2 0 0 0 0.8 0 0 0 0 0 0 3.6 0 
3 0 0 0 5.5 2.5 0 0.8 0 0 0 0.3 0 
4 0 0 0 0 2.4 0 0 0 8 0 4.5 0 
5 0 0.5 0 5.6 0 0 0 0 2 0 1.5 0 
6 0 0 2.8 14 0 5.2 0 0 0 0 0 7 
7 4.8 0 1.2 0 0 0 0 0 2 13 0 30 
8 3 0 0 0 0 0 0 0 1.2 0 0 17 
9 0 0 0 0 0 0 1.8 0 0 0 0 0 
10 15 0 3.5 0 0 0 0 0 0 0 0 0 
11 2 0 0.3 0 0 0 8 0 0 0 0 0 
12 0 17 5 0 0 0 2 0 0 0 0 0 
13 0 1 1.2 0 0 0 0 0 0 0.8 0 0 
14 5.3 20 0 0 0 0 0 0 0 0 0 4 
15 20 0 0 0 0 0 0 0 0 0 0 0 
16 0 6 0 0 0 0 0 0 0 1 0 0 
17 0 0 0 0 0 0 0 0 0 3 0.6 0 
18 0 2.8 0.8 3 0 30 0 0 2.8 0 0 5 
19 0 0 0 0 0 0 0 1.8 0 0 0 0 
20 0 0 0 0 0 0 0 12 0 3 4.8 0 
21 0 10 0 9 0 0 0 0 0 0 2.2 2 
22 0 0 0.2 0 0 0 1 0 2.4 0 0 7.5 
23 0 4.6 2.8 0 0 0 0 2.4 0 0 0 23 
24 0 0 4.9 0 0 0 0.7 0 18 0 0 0 
25 1 3.2 12 0 0 1.6 0.8 0 65 1.8 0 0 
26 0 2 2 0 0 1.2 0 0 1 1.7 0 0 
27 0 0 0 0 1.8 0 0 0 0 0 0 2.7 
28 6 0 0 0 0 0 0 0 0 0 0 17 
29 3  0 0 0 0 2 1 0 1 0 0 
30 0.5  44 0.5 0 0 0 0.8 0 0 9.5 0 
31 2  4  0 0 0 5.2  0  0 
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2005 JAN FEB MAR APR
L 
MAY JUN JUL
Y 
AGS
T 
SEP OCT NOV DEC 
1 8 0 0 0.2 0 0 0.1 0 3 0 0 0 
2 7.8 0 0 18 0 0 0 0 14 0 0 32 
3 2 0 0 0 0 0 0.5 0 0.25 0 0 0.25 
4 0 13 0 1.2 5 0 0 0 0 0 0 0 
5 2.6 0 0 0 5 1 0 0 0 0.25 4 0 
6 0 0 0 0 0 0 0 0 0.5 0.5 6.2 0 
7 0 0 17 0 0 0 0 0 0 0.7 15 0 
8 2 0 15 0 0 0 0 0 0 0 76 0 
9 3 2.5 1.9 0 0 0 0 0 0 0 3.5 0.8 
10 0 2 0 0 0 0 0 26 0 0 0 0 
11 0 0 0.5 21 0 0 0 0 0 0 0 0 
12 8 3.5 0 6.1 0 0 0 0 0 0 0 0 
13 0 0 0 3.2 0 0 0 0 0 0 0 0 
14 9 0 0 0 0 0.1 0 0 1.5 0 13.5 0 
15 8.5 0.5 0 0 3.4 3 0 0 0 0 14 0 
16 2 0 0 0 1.8 0 0 0 0 0 0.1 0 
17 0 17 0 0 0 0 0 0 0 4 3.4 12 
18 0 9.4 0 10 0 0 0 0 0 0 1.3 4 
19 0 1 0 0 0.8 0 0 0 0 0 0 0 
20 0 9 0 1.5 0 0 0 0 0 6.5 0.2 0 
21 0 2.5 5 0 0 0 4.5 0 0 2 0 0 
22 0 0 7.8 0 0 3 0 0 2 7 0 0 
23 0 0 0 0 0 0 0 0.5 0.8 0 0 0 
24 0 0 0 0 0 0 0 0.25 0 0 0 0 
25 0 0 0 0 0 0 0 0 0 0 0 0 
26 0 0 0 0 0 0 0 0 0 1.4 0 0 
27 0 0 0.1 0 0.2 0 0 0 0 0 0 0 
28 0 0 0 0 0 0.25 0 0 1 0 0 0 
29 0  0 0 1.7 0 0 0 2.5 0 1 0 
30 0  0 0 0.8 0 0 0 0 0 0 0 
31 8.7  0  0 0.1 0 0  0  0 
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2006 JA
N 
FE
B 
MA
R 
APRL MAY JUN JUL
Y 
AGS
T 
SE
P 
OC
T 
NOV DE
C 
1 5 0 4 0 12 0 0 0 0.3 5.5 5.5 0.3 
2 0 0.1 0 0 10 0 16 0 0 1.8 1.8 2.9 
3 0 0 2 0 0 0 53 0 2 1.5 1.5 0 
4 0 1 1 0 13.8 0 2 0 28 0 0 0 
5 3.8 0 0 0 0 0 4 0 14 3.6 3.6 2 
6 4.1 1 0 1 0 0 0 0 0 0.5 0.5 0 
7 0 5.8 0 0 0 0 0 0 0 0 0 0 
8 32 0 0 0 0.5 0 0 0 0 0 0 0 
9 9 5.2 0 7 0 0 0.5 0 28 0 0 10 
10 0 7.5 0 0.2 0 0 0 0 6 0 0 9 
11 0 0 0 0 0 0 0 1 0 0.6 0.6 0.2 
12 0 0 0 0 0 0 0 4.2 0 0.8 0.8 0 
13 0 0 0 1.5 0 0 0 0.5 0.2 0 0 0 
14 0 2.5 2 0 0 0 0 1.8 0 0 0 0.5 
15 0 2.8 0 0 0 0 5 0 2.5 0 0 0 
16 0.8 0 0 3.8 1.9 0 9.8 0 4.8 1.5 1.5 3 
17 0 0.5 5 0.2 0 4.5 0 9 1.6 1 1 0 
18 0 8 0 8 0 0 0 2.6 4.8 7 7 7 
19 0 2 0 12 0 0 0 0 0 0 0 0 
20 13 20 0 0 3.5 0 5 0 0 0 0 0 
21 0.5 24 2.9 0 2 0 0 0 0 18 18 0 
22 0 8 0 0 34 0 0 0 0 0 0 0 
23 0 1.3 0.25 4 0.8 0 0 0 0 0 0 0.8 
24 22 0 0 0.4 0 0 1.2 0 0 0 0 1 
25 0 0 0 3.8 10 0 36 0 3.5 9 9 0 
26 0 0 0 2 0 0 18 2.8 5.5 0.3 0.3 4.2 
27 0 0 0.5 0 0 0 0 18 0 0 0 1 
28 0 0 6.5 0 0 0 0 0 0 0 0 0 
29 0  0.6 0 0 0 0 0 0 0 0 0 
30 0  0 0 0 0 2.5 0 2.5 0 0 0 
31 0  0  0 0 1.8  1.8   0 
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2007 JAN FEB MAR APR
L 
MAY JUN JUL
Y 
AGS
T 
SEP OCT NOV DEC 
 0 8.5 26 0 0 5.5 0 0 0.25 0.25 0.25 0 
 0 0 0.5 0 0 0 0 0 0 0 0 0 
 0 0 0 0 0 0 0 0 8.5 0 0 18 
 0 0 0 0 0 0 0 0 0.6 2 2 1.9 
 0 0 9 0 0 0 0 0 0 0 0 0 
 0 0 69 0 0 0 8.2 0 0 0 0 3.8 
 18 0 0 0 0 0 0 0 0.2 0 0 0.8 
 1.8 0 0 6.5 0 0 0 0 1.5 0 0 0 
 0 0 0 0 0 0 0 0 9.5 0 0 6 
 0 3.9 0 0 0 0 0 0 5 0.2 0.2 0 
 0.25 2 0 0 0 0 0 0 0 0 0 0 
 1 5 0 8.5 0 0 0 0 0 0 0 6.8 
 0 0 0 0.8 0 0 0 0 0 0 0 0 
 0 0 0 0 0 0 2 0 0 0 0 0 
 0.25 0.1 2 0 6.1 0 0.8 0 2 0 0 0 
 3 0 0 0 0 0 0 1.5 0.5 6 6 0 
 0 0.25 0 0 0 0 0 0 0 1.8 1.8 20 
 0 0 0 0 0 0 0 0 0 0 0 0 
 0 0 2.8 2 0 0 0 0 1.5 0 0 0.1 
 0 0 3.8 0.1 4 0 0 0 0 0.8 0.8 0 
 0 0 0.5 5.5 11 0 0 0 0 0 0 0 
 0 8.5 0 0 14 0 0.8 0 0.25 4.5 4.5 0 
 0 0 0 0 0 0 1.8 0 0 0 0 0 
 0 0.2 0 0 0 0 0 0 4.8 6 6 8 
 0 0 0 0 0 0 0 0 0 9.8 9.8 11 
 0 0 0 0 0 0 0 0.5 0 0 0 14 
 0 1.25 0 0 0 7.5 0 0 15 2.8 2.8 2.2 
 0 17 0 0 0 0 0 0 0 1 1 0 
 12  0 0 0 0 0 5 2.5 0 0 0 
 0  0 0 3.8 0 0 0 0 2 2 0 
 0  0  0 0 0  0   0 
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2008 JA
N 
FE
B 
MA
R 
APRL MAY JUN JUL
Y 
AGS
T 
SE
P 
OC
T 
NOV DE
C 
1 0 0 0 0 4 0 0 0 0.2 0 0 0 
2 0 0 0 0 2 0 0 0 0 0 0 0 
3 8.8 0 0 0 0 0.1 0 0 0 0 0 0 
4 8.8 0.2 0 0 1 0 0 0 0 0 0 0 
5 3.2 0 6.8 0 0.2 0 0 0 0 0 0.25 0.2 
6 0 0.5 3 0.5 0 0 0 0 0 0 0 0 
7 9 0.5 0 0 0 0 0 0 0 0 0 0 
8 7.5 1.1 0 0 0 1.8 0 0 0 0 0 0 
9 0 0 0 0 0 0.8 0 0 0 0 0 0 
10 0 0 0.3 0 0 0 2 0 0 6.9 0 0 
11 0 2.8 40 0 0 0 0 0 0 9 0 0 
12 0.8 30 1.5 0 0 0.9 0 0 0 0 0 0 
13 5 7.5 0 0.5 0.1 0 0 0 0 0 0 0 
14 32 0 0 11 0 0 0 0 0 0 20 20 
15 2 0 0 0 0 0 0 0 0 0.1 7 7 
16 6.8 0 1.5 0 0.25 0 0 0 0 0 0.25 0.2 
17 0 0 0 0 0 7 0 60 1.5 0 2.5 2.5 
18 0 0 0 0 0 4 0 0.5 0 0 1.8 1.8 
19 0 13 0 0 0 0 0 0 0 0 0 0 
20 0 2.2 0 22 0 1 0 0 0 0 0 0 
21 0 0 1 9 0 0 0 0 3.5 0 0 0 
22 0 0 0 0.25 0 0.8 0 0 0 0 0 0 
23 0 0 0 0 0 0 0 0 5.4 0 4.5 4.5 
24 3.6 6.5 0 0 0 0 0 0 0 9.5 0 0 
25 0.2 0 0.25 0 0 0 0 0 0 0.5 0 0 
26 0.3 0 0 0 0 0 0 2.5 0 0 0 0 
27 0 24 0 0 0 0 0 0 0 0 0 0 
28 0 0 0.8 0.2 0 0 0 0 0 0 1 1 
29 2  0 1.2 0 0 0 0 0 2 0 0 
30 0  0 0 0.5 0 0 0 0 0 17 17 
31 0  0.5  4  0 0  1.5  0 
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APPENDIX 7: PROFITABILITY OF CROPPING SYSTEMS AS REPORTED IN THE GENERAL 
DISCUSSION 
PROFITABILTY OF INTERCROPPING SYSTEMS THAT PRODUCED SIMILAR MAIZE YIELDS 
WITH THE SOLE MAIZE SYSTEMS. THE INTERCROPPING TRIALS WERE CONDUCTED ON-
STATIOIN AT UNIVERSITY OF FORT HARE RESEARCH FARM IN 2007/08-2008/09 
SEASONS. 
First season sole maize cropping system with land preparations (2007/08) 
    Unit Quantity cost/unit Amount 
      R/unit R/ha 
Gross Income (A) Sales of grain Tonnes 2.9 2240 6496 
 
Variable costs seed maize kg 15 63.84 958 
  basal  kg 500 5.84 2920 
  weeding  hr 286 3.75 1071 
  harvesting hr 300 3.25 975 
  transport cost items 10 5 50 
  ploughing     200 
  discing     150 
  planting     200 
  Rolling maize residues after harvesting grain 150 
Total variable costs(B)     5699 
Gross Margin(A – B)     797 
Gross Margin per R100 variable cost    1.14 
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First season maize-cover crop  system with land preparations 
    unit Quantity cost/unit Amount 
      R/unit R/ha 
Gross Income (A) Sales of grain Tonnes 2.9 2240 6496 
        
Variable costs seed maize kg 15 63.84 958 
  Dolichos/ Cowpea kg 15 19.5 293 
  basal  kg 650 5.84 3796 
  glyphosate L 10L 35.6 356 
  weeding  hr 460 3.75 1071 
  harvesting hr 40 3.75 975 
  transport cost items 10 5 50 
  ploughing     200 
  discing     150 
  planting     200 
  killing cover crops by herbicide spray  150 
 Rolling maize-cover crop residues after harvesting grain 150 
Total variable costs (B)  `   8349 
Gross Margin (A – B)    -1853 
Gross Margin per R100 variable cost    81 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
231 
 
 
Second season sole maize cropping system without ploughing and discing (2007/08) 
    Unit Quantity cost/unit Amount 
      R/unit R/ha 
Gross Income(A) Sales of grain Tonnes 3.1 2240 6944 
 
Variable costs seed maize kg 15 63.84 957.6 
  basal  kg 500 5.84 2920 
  glyphosate L 10 L 35.6 356 
  weeding  hr 460 3.75 1071 
  harvesting hr 300 3.25 975 
  transport cost items 10 5 50 
  Bush cutting plus spraying   300 
  planting     200 
  Rolling maize residues after harvesting grain 150 
Total variable costs(B)     6326 
Gross Margin (A – B)     618 
Gross Margin per R100 variable cost    110 
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Second season rotational maize-cover crop  system no ploughing and discing 
    unit Quantity cost/unit Amount 
      R/unit R/ha 
Gross Income (A) Sales of grain Tonnes  2240 8288 
        
Variable costs seed maize kg 15 63.84 957.6 
  Dolichos/Cowpea kg 15 19.5 293 
  basal  kg 650 5.84 3796 
  glyphosate L 10L 35.6 356 
  weeding  hr 286 3.75 1071 
  harvesting hr 40 3.75 975 
  transport cost items 10 5 50 
  Bush cutting plus spraying 300 
  planting     200 
  killing cover crops by herbicide spray  150 
 Rolling maize-cover crop residues after harvesting grain 150 
Total variable costs (B)  `   8299 
Gross Margin (A – B)    -11 
Gross Margin per R100 variable cost    100 
 
 
 
